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KAYLOCK CAPPED NUTS 

...protection plus! 

As equipment becomes smaller, lighter and more complex in the aero- 
space industry, the need to protect delicate wires and other components 
assumes greater importance. Economical Kayloek lightweight capped 
nuts eliminate the penetration of conductor insulation by the sharp 
edges and bare threads of protruding screws, thereby preventing pos- 
sible damage to components. In addition, metallic flakes are entrapped 
which otherwise could interfere with circuitry. Capped nuts in access 
holes of fluid compartments prevent leakage of contained fluid. 
Kayloek capped nuts with the elliptical locking device meet and exceed 
the requirements of MIL-N-25027. Both the carbon steel and the cor- 
rosion-resistant A286 nuts are rated from 125,000 to 160,000 psi. 
Write for additional data. 
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KAYNAR MFG. CO., INC. /KAYLOCK DIVISION 


BOX 3001, FULLERTON, CALIFORNIA 



The red line tells you: 

This is the world’s most reliable jet tire 

New Goodyear Red Streak jet transport tire is so ruggedly built - it delivers 
as much as 1 5% more landings per tire— and airline records prove it. 


Here's what’s back of the amazing record-15% more 
landings per tire— compiled by major airlines in the first 
year the Goodyear Red Streak jet tire has been available : 
Shredded Wire Shield 
First, a shredded wire shield 
protects the carcass by resisting 
cuts and cut-growth problems, 
which frequently necessitate 
early tire changes and prevent 
tire retreading. 

Reinforcing Tread Ply 
Next, reinforced tread ply design permits use of extra 
rubber in the tread, protects tires from hazardous tread 
chunking arid peeling under se- 
vere high-speed, heavily loaded 
jet transport operating condi- 

Automatic Wear Indication 

When 80% of the tread is worn, 
this red reinforcing ply begins 


to show . . . makes tire inspection easier, tells when tire- 
change time is near. And, unlike other wear indicators, 
it makes the tire stronger. 

Low-Profile Rib T read Design . . . 

. . . puts more rubber wlu-iv the (H 

■ ilu' increases B9| 

1 1 ,'.nl life S| I ■ ...I .I.-MJ!! 

furnishes the best balance for 

coef- 

ficienl tinder all con- HKlH \ \\ 1 

ditions. snow or ice, wet or dry. 

Plus Many Other Features . . . 

specially compounded tread rubber, computer-calcu- 
lated balanced ply construction, super-strength beads, 
high-pressure cures and quality control that checks the 
tire 140 times during its production. It all adds up to . . . 

. . . The Best Jet Tire Buy in the Business 
Get full details on the Red Streak-world's most reliable 
jet tire. Write Goodyear, Aviation Products, Dept. 
F-1715, Akron 16, Ohio. 
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New low-cost reflex klystrons designed to meet the severest 
environments of vibration and shock are now available from 
Sperry Electronic Tube Division. 

An example is Sperry's SRU-4192. It offers 250 mW 
minimum output at any frequency you specify between 15.5 
and 17.5 Gc. It’s trim tunable across a 100 Me range. It 
operates at an unusually low voltage. It's available within 30 
days from receipt of your order, but with all these advantages 
it's priced far below comparable tubes. 

Sperry has similar capabilities in other areas of the spec- 
trum. If you need a ruggedized reflex klystron anywhere in 
X, U, K, or V band (8.2 to 40 Gc), Sperry has the answer. 

To avail yourself of the outstanding performance of one 
of Sperry’s rugged new reflex klystrons, place your order now. 
Contact your Cain & Co. representative or write Sperry, Gaines- 
ville, Florida. In Europe, contact Sperry Europe Continental, 
Paris. 



AEROSPACE CALENDAR 


June 26-27— 10th Annual Symposium on 
Computers and Data Processing, Univer- 
sity of Denver's Denver Research Insti- 
tute, Elkhom Lodge, Estes Park, Colo. 

June 26-27— Symposium on Dynamic Load 
Problems - Helicopters and V/STOL, 
Statler Hilton Hotel. Buffalo, N. Y. Spon- 
sors: Cornell Aeronautical Laboratory; 
Army Transportation Corp. 

June 2^-Jnly 3-Second Annual Dorado Flv- 
In. Dorado Beach Hotel. Dorado, P. R. 

July 1-3— Convention and Symposium. Air- 
ways Engineering Society. Sheraton-Jeffcr- 
son Hotel. St. Louis. Mo. 

July 7-1 1-Seventh National Conference on 
Aerospace Education. National Aerospace 
Education Council, Hotel Deauville, Mi- 
ami Beach, Fla. 

July 9-11— International Symposium on Space 
Telecommunications, Institute of Elec- 
trical and Electronic Engineers' Profes- 
sional Group on Antennas and Propaga- 
tion, Boulder Laboratories, Boulder, Colo. 

July 10-12— Meteorological Support for 
Aerospace Testing and Operation, Amer- 
ican Institute of Aeronautics and Astro- 
nautics and American Meteorological So- 
ciety, Ft. Collins, Colo. 

July 13-17-1 7th Annual Powder Puff 
Derby, Bakersfield, Calif, to Atlantic 
City, N. J. 

July 18-20— 30th \ i! I ti it il Con- 
vention. The Ninctv-Nincs. Skin-in Ho- 
tel, Oklahoma City, Okla. 

July 23-26-Torpedo' Propulsion Conference 
(Continued on page 7) 
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"Wheels Up!” 


Returning any aircraft to service from major 
overhaul in under seven days is mighty fast time 
even today. But thanks to Ansco X-ray films like 
Superay® ‘A’ and ‘B’, aircraft inspections and 
overhauls are faster than ever. 

Ansco Superay ‘A’, the fast fine-grain Class II 
X-ray film and Superay ‘B’, the extra-fine-grain 
Class I film of increased contrast, are also widely 
used for examining vital missile components. 


Get complete information on all Ansco X-ray prod- 
ucts by writing General Aniline & Film Corp., 
Ansco Industrial X-ray Dept., Binghamton, N. Y. 

zz-lAnsco 

Li? 1 PHOTO PRODUCTS OF 


AEROSPACE CALENDAR 

(Continued from page 5) 
(Confidential). American Institute of 
Aeronautics and Astronautics, U. S. Naval 
Underwater Ordnance Laboratory, New- 


1, III. 


craft Assn. 


Aug. 4-9— International Conference and Ex- 
hibit on Aerospace Support. Institute of 
Electrical and Electronics Engineers/ 
American Society of Mechanical Engi- 
neers. Pari; Sheraton Hotel, Washington. 

Aug. 4-16— Sixth Annual Institute on Mis- 
sile and Space Technology. University of 
Connecticut, Storrs, Conn, 

Aug. 5-9-Eighth Annual Technical Sympo- 
sium, Society of Photographic Instrumen- 
tation Engineers. Ambassador Hotel. Los 
Angeles. Calif. 

Aug. 12-14— Guidance and Control Confer- 
ence. American Institute of Aeronautics 

of Technology. Cambridge, Mass. 

Aug. 14-16— Fifth Biennial Gas Dynamics 


Aug. 19-21 — Astrodynamics Conference, 

Astronautics" Yale University, New Haven. 

Aug. 19-21—196? Cryogenic Engineering 
Conference, Boulder. Colo, Sponsors: 
University of Colorado; NBS Cryogenic 
Engineering Laboratorv. 

Aug. 20-23-196? Western Electronic Show 
and Convention (WESCON), Cow Pal- 
ace. San Francisco, Calif. 

Aug. 26-28— Simulation for Aerospace Flight 
Conference, American Institute of Aero- 
nautics and Astronautics, Deshler-Hilton 
Hotel, Columbus, Ohio. 

Aug. 26-28— Conference on Physics of Entry 
into Planetary Atmospheres, American 
Institute of Aeronautics and Astronautics, 
Massachusetts Institute of Technology, 
Cambridge, Mass. 

Sept. 8-11— International Symposium on 
High-Temperature Technology, Asilomar, 
Calif. Sponsor: Stanford Research Insti- 

Sept. 8-11-Annual Meeting, Air Industries 
Assn, of Canada, Manoir Richelieu, Mur- 
ray Bav, Quebec. 

Sept. 9-i 1-Seventh National Convention 
on Military Electronics, Institute of 
Electrical and Electronics Engineers, 
Shoreham Hotel, Washington. D. C. 

Sept. 9-12— 18th Annual Instrument-Auto- 
mation Conference & Exhibit, Instrument 
Society of America, McCormick Place, 
Chicago. 111. 

Sept. 10-12— National Symposium on Space 
Rendezvous, Rescue and Recovery, Ed- 
svards AFB, Calif. Sponsors: American 
Astronautical Society; Air Force Flight 
Test Center. 

Sept. 11-15— 17th Annual National Con- 
vention & Aerospace Panorama, Air Force 
Assn., Sheraton-Park and Shoreham Ho- 
tels, Washington, D. C. 

Sept. 16-18— International Aviation Re- 
search and Development Symposium, At- 
lantic City, N. J. Sponsor: Federal Avia- 

Sept° n iW9-1963 Airwork Operations and 
(Continued on page 9) 


MICROPIX'" multi-purpose cathode ray tubes, used in high-resolution applica- 
tions, are part of the extensive line of Litton display devices and microwave 
tubes. San Carlos. California. In Europe, Box 110. Zurich 50. Switzerland. 

ffi LITTON INDUSTRIES 

ELECTRON TUBE DIVISION 



PROBLEMATICAL RECREATIONS 175 



The sum and difference of two squares may be primes : 4 — 1 = 3 
and 4+1 = 5; 9 — 4 = 5 and 9 + 4 = 13, etc. Can the sum and 
difference of two primes be squares? If so, for how many differ- 
ent primes is this possible? -Contributed 

Announcing a new, large-scale system capability: RADCOM, a 
new division of the Systems Group of Litton Industries. Head- 
quarters: Silver Spring, Maryland. Available products, systems, 
and services: radar altimeters, proximity fuzes, sonar detection 
devices, simulation systems, electronic countermeasures, com- 
munication systems, electronic surveillance systems, antennas and 
pedestals, shipboard electronics, catapults and navigational 
equipment; centrifuges, electronic subsystems for rockets and 
space vehicles, and field engineering services. 
answer to last week’s problem : N if we consider the letters as 
the first letters in one, two, three, four, five, six, seven, eight, nine. 

E LITTON INDUSTRIES, INC. 

Beverly Hills, California 
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pilot’s airplane 


AIRCRAFT ENGINEERING CORPORATION, Bethpage. N.Y. 


why the 

Grumman Gulfstream 
is the 


AEROSPACE CALENDAR 


(Continued from page 7) 
Maintenance Symposium Millville, N. J. 

Sept 23-27— National Aeronautic and Space 
Engineering and Manufacturing Meeting 
and Display, Society of Automotive Engi- 
neers. Ambassador Hotel, Los Angeles. 

Sept. 23-27 — International Telemetering 
Conference, Savoy Place, London, Eng- 
land. Sponsors: Institution of Electrical 
Engineers (London); American Institute 
of Aeronautics and .Astronautics; Institute 
of Electrical and Electronics Engineers; 
Instrument Society of America. 

Sept. 25-26— Second Annual Symposium on 
the Physics of Failure in Electronics, Chi- 
cago, III. Sponsors: Rome Air Develop- 
ment Center; Armour Research Founda- 

Sept. 26-Oct. 1— 14th Congress, Interna- 
tional Astronautical Federation, Paris. 

Sept. 30-Oct. 1— Manned Interplanetary Ex- 
ploration Meeting, American Institute of 
Aeronautics and Astronautics, Cabana 
Motor Hotel, Palo Alto, Calif. 

Sept. 30-Oct. 2— Canadian Electronics Con- 
ference, Institute of Electrical and Elec- 
tronics Engineers, Exhibition Park. To- 
ronto, Canada. 

Oct. 1-3— Eighth National Symposium on 
Space Electronics, Institute of Electrical 
and Electronics Engineers, Fontainbleu 
Hotel, Miami Beach. Fla. 

Oct. 1-3— National Aerospace Nuclear Safety 
Topical Meeting. American Nuclear So- 
ciety. Albuquerque. N. M. Co-sponsors: 
Los Alamos Scientific Laboratory; AEC 
Albuquerque Operations Office; AF Spe- 
cial Weapons Center; AF Directorate of 
Nuclear Safety; Sandia Corp.; University 
of New Mexico. 

Oct. 2-4— National Assn, of Air Traffic Spe- 
cialists. Sheraton-Oklahoma Hotel. Okla- 
homa City. Okla. 

Oct. 7-9— Ninth National Communications 
Symposium. Institute of Electrical and 
Electronics Engineers, Hotel Utica. Utica. 

Oct. 9-11— 21st Annual Aerospace Elcctri- 
cal/EIcctronics Conference, Aerospace 
Electrical Society, Pan Pacific Auditor- 
ium. Los Angeles, Calif. 

Oct. 13-17— 16th Annual Meeting and Con- 
ference. Airport Operators Council, 
Roosevelt Hotel, New Orleans, La. 

Oct. 14-16-Eighth Annual Exposition and 
Symposium, Air Traffic Control Assn., 
Statler Hilton Hotel, Dallas, Tex. 

Oct. 15-18— Eighth Symposium on Ballistic 
Missile and Space Technology, Naval 
Training Center, San Diego, Calif. Spon- 
sors: AF Spec Systems Div.; AF Ballistic 
Systems Div,; Aerospace Corp. 

OcL 16-18— Tenth National Vacuum Sym- 
posium. American Vacuum Society, Stat- 
ics Hilton Hotel, Boston, Mass. 

Oct. 17-18; Oct. 21-22-Ninth Anglo- 
American Conference, American Institute 
of Aeronautics and Astronautics-Canadian 
Aeronautics and Space Institute-Royal 
Aeronautical Society. Massachusetts In- 
stitute of Technology, Cambridge, Mass. 
(Oct. 17-1S). Queen Elizabeth Hotel, 
Montreal, Canada (Oct. 21-22). 

Oct. 21-23— Tenth Annual East Coast Con- 
ference on Aerospace and Navigational 
Electronics, Institute of Electrical and 
Electronics Engineers, Emerson Hotel, 
Baltimore, Md. 



ONLY INSTRUMENT OF ITS KIND . . . 
HAS INDEX FOR AUTOMATIC CONTROL 
In outer space or at sea level, you can depend on 
Weston aerospace instruments for highest relia- 
bility and superior performance. The complex 
Bearing-Distance-Heading Indicator, for example, 
provides an accuracy of ± 0.5° on the card, and 
is equipped with an adjustable memory index for 
automatic flight control. Reliability is proved in 
rigid 1,000-hour MTBF tests” . . . rather than by 
time logged under normal flight conditions. 

Weston's high performance standards are 
achieved through unexcelled packaging tech- 
niques and mechanical design, in-plant machin- 
ing, and rigid quality control. In addition. Weston 
offers unparalleled engineering experience. We 
designed and built the original I.L.S. Indicators, 
and recently supplied nine of the 26 indicating 
instruments aboard each Mercury Capsule. 

Take advantage of unusual Weston design and 
development capability. For more information, 
write Weston — producer of the most complete 
line of electrical aerospace instruments for 
manned flight. Dept. AW-48. 

•leu Level H, Advliorv Groves o! Selloblllly ol Electronic Eqvipmcnt. 



Situation Display 
Bearing-Distance Heading 



Radar Altimeter 


WESTON INSTRUMENTS 

Division of Daysfrom, Incorporated. Newark 14, New Jersey 

Aerospace Instrumentation • Bimetal Thermometers • Calibration * Test 
Equipment • Panel & Switchboard Meters • Photosensitive Devices • Precision 
Metal Film Resistors • Relays & Tachometers 'Systems Design & Development 
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RCA-A1226- First really stable Hydraulically-Tuned Magnetron 
Coupled-cavity design means high stability in X band 



Outstanding performance stability in 
X band. ..that's RCA-AI226 Magnetron. 
Utilizing coupled-cavity construction- 
exclusive in RCA Magnetron design- 
RCA-A1226 features exceptionally stable 
performance characteristics. 

RCA-AI226 is hydraulically tunable, 
with a tuning rate in excess of 100,000 
Me /sec. This rapid tuning is achieved by 
hydraulically operated, non-contacting 
plungers located outside the interaction 
area. High reliability and long life result. 

In other respects, RCA-A1226 uses the 
field-proved electrical design parameters 


of the RCA-7008 and RCA-71 1 ! Magne- 
trons, and is electrically interchangeable 
with these two types. 

Significant features of RCA-A1226 
include: low thermal drift, essentially 
flat power-output characteristics, mini- 
mum frequency drift, and low inter- and 
intra-pulse frequency modulation. 

RCA-A1226 is available for Govern- 
ment end-use applications. For informa- 
tion on this hydraulically-tunable magne- 
tron, see your RCA Field Representative, 
or write: Manager, Microwave Marketing, 
RCA Electron Tube Div., Harrison, N.J. 


Typical Operation of RCA-A1226 



HjThe Most Trusted Name in Electronics 




for pods, m 

spacecraft re-entry 


Where available power and space are limited, Garrett-AiResearch ram 
air turbines provide ideal independent power systems. Outputs range 
from fractional to 100 hp with minimum weight and space require- 
ments, and at durations over approximately three minutes they are 
50-70 per cent lighter than other types of systems. 

The fine speed control regulates electrical output to within ±5 per 
cent, and response rate from no load to full load is one-tenth of a 
second. Advanced blade design and mechanical governor permit mini- 
mum drag and automatic feathering to match load requirements. 
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New Raytheon System Uniquely Combines Air-to-Ground, 
Air-to-Air Radar Functions 


Raytheon’s offensive system for advanced tactical 
aircraft is the first to provide a unique combination 
of precise terrain avoidance and ground mapping 
with air intercept radar functions. The system in- 
cludes a proven air-to-air missile with all-weather, 
all-altitude and all-aspect capability. 

The ability to conceive and design the system is an 
outgrowth of Raytheon’s progressive and continuing 
effort in airborne radar and missile technology. 


Related experience includes design and production 
of the bomb/nav search and terrain avoidance radar 
for the B-52, the bomb/nav radar for the B-58, 
management of SPARROW III and HAWK weapon 
systems, plus detailed study and analysis of mission 
requirements for advanced attack aircraft. 

For additional information, contact Missile Sys- 
tems Division, Raytheon Company, Bedford, Mass. 

{^aytheonJ 








alouette 2 

world altitude record 
for helicopters of all categories : 
36,089 ft. 


alouette 3 

landings and take-offs 
on the MONT BLANC (French Alps) 
at an altitude of 15,780 ft. 
with 7 people on board. 

landing and take-off 
on the DEO TIBAA (19,700 ft.), 
Himalaya mountains, with 2 crew 
and 550 lbs. of fuel and equipment. 


turbine-powered helicopters 
whose qualities 
have been confirmed 
by hundreds of thousands 
of flying hours 


900 machines in service 
31 countries 
50 operators 


SUD AVIATION 

37, BOULEVARD DE MONTMORENCY - PARIS (1 6') -TEL. BAG.: 84-00 
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DESIGNED FOR FLIGHT IN HIGH -MOUNTAIN COUNTRY 



Designs, .. for NASA 

NASA Lewis Research Center's Space Propulsion Facility is designed to 
simulate outerspace environment, including high vacuum, cryogenic tem- 
peratures, and solar radiation. The facility incorporates capability for 
testing full-scale nuclear and non-nuclear spacecraft, including nuclear 
power generation and electric propulsion systems. Kaiser Engineers’ 
assignment — feasibility study, design criteria, preliminary nuclear 
hazards report, detail design, construction specifications, critical path 
scheduling. Kaiser Engineers is proud to be a member of the NASA team 
developing this advanced facility. KE also numbers among its clients the 
AEC, Air Force, Army Corps of Engineers, Navy Bureau of Yards and 
Docks, and leading aerospace industry firms. 


KAISER 

ENGINEERS 


architects/engineers and constructors 
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"RECONNOITER. . .HIT AND RUN" 

Armed and armored to penetrate for reconnaissance and 
return, this combat-recon vehicle runs on tires and treads, 
attains high speeds on and off roads. In proposing 
solutions to mobility problems like this. Clark Equipment Company 
applies more than 60 years' experience in developing and 
manufacturing power transmission, material handling and transportation 
equipment. Only Clark has this unity of demonstrated capability. 

Invite Clark to participate in an operations analysis, product or systems 
development approach to your mobility problem. Write or call Manager, Clark 
Development Division, Clark Equipment Company. Battle Creek. Michigan. 



A world of CUSTOM COATING SERVICE 
for the "hot” wear problems of aerospace! 


A new era of high temperature and wear resistance for 
airborne working surfaces has been “orbited” by LlNDE’s 
Complete Custom Coating Service! 

Every coating facility— from metallurgical research 
through development, production, and testing— is avail- 
able for the application of coatings of tungsten carbide, 
aluminum oxides, and pure metals to provide top thermal 
resistance and optimum service life. 

LINDE— the “one-stop" coating source— evalu- 
ates and specifies the right material and coating 
thickness, the right coating process— utilizing 
either LlNDE’s Flame-Plating “detonation gun” 
technique, or Plasma-Plating with its operating 
temperatures ranging up to 30,000° F. 

With the industry's widest experience in metal- 
lic coatings, LlNDE’s Complete Custom Coaling 


Service has the answer to your “hot” wear problems— re- 
gardless of the basic material, size, or configuration of 
the piece involved. If the answer isn’t on our shelf —we’ll 
research to get it! 

Many of today’s important aerospace parts have suc- 
cessfully used Flame-Plated coatings— such as the com- 
bustion chamber of the Agena satellite rocket engine, 
aircraft valves, compressor blades, turbine engine 
seals, rocker arms, and many others. For many 
industrial parts, LlNDE’s “prescription” coatings 
have increased service life as much as 40 times! 

Write for full information today — to Flame 
Plating Dept., Linde Company, Division of Union 
Carbide Corporation, 1245 Main St., Indianapolis 
24, Ind. In Canada: Union Carbide Canada Lim- 
ited, Linde Gases Division, Toronto 12. 


LINDE 


COMPANY 



FLAME-PLATING: TOMORROWS COATI NGS . . . FOR TODAY’S WEAR PROBLEMS 




At B & P that "extra” is found ii 
our capability and experience 
in the design, fabrication and 
assembly of lightweight and 
space age metal products. 
May we have the opportunity 
to work with you? 


An example of our 
capability is shown here 
in the manufacture 
of lightweight close 
tolerance satellites and 

B & P has made 
satellites for several 
space projects. 


you get an extra” at b&p 


BROOKS 


PERKINS 
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merging man / machine / mission 




. . . LOH Design Process 


The volume production seen for the Army's new Light Observation 
Helicopter dictates a design that is both resourceful and 
lasting. The compact 0H-5A is a studied integration of capabilities 
and needs of man and machine for greatest mission effectiveness. 


Convert /b!e Deck 
Passenger seals 
fo/d down 
into -foot we/is, 
ftot 

c/ecf tor cargo. 


1. Cost? ion - /ined, 

Formed-metat seat site id. 

2. Progressive// deform ab/e underseat structure. 

3. tong ftud/na/ tube structures- "secondary'' /and/ng gear. 
■?. 7brs/on fy/oe /an ding gear absorbs energy; /s 

rugged, simp/e. and aerodi/nam/callg c/ean. 


First in a series of 0H-5A design analyses. 


EDITORIAL 


France Leaps Into Space 


Last week at Le Bourget we saw France leap into space 
with a program aimed at establishing itself as the third 
major force in the development of space technology, sur- 
passed only by the United States and the Soviet Union. 
The French space program has been developing swiftly 
during the past 18 months. But the full scope and pace 
of this effort became evident to foreign observers only 
after a startling exhibit of French space technology at the 
25th International Air and Space Show and a special 
presentation of the program’s full details by top officials. 
Gaston Palewski, cabinet minister for nuclear and space 
research, and Prof. Jean Coulomb, director of the new 
French space research agency (CNES), headed this group. 

Although the collection of modem aircraft at Le Bourget 
was, as always, superb, it was the evidence of the major 
French drive into space that dominated this show— even 
to the changing of its name to include space along with 
aeronautics. The French decision to lead Western Europe 
into space stems directly from President Charles De 
Gaulle's intuitive understanding that any nation hoping to 
survive in the modem world must develop its own capa- 
bility across the entire spectrum of key technologies (AW 
June 10, p. 21). Evidence of just how important President 
De Gaulle regards aerospace technology as a foundation of 
modern France came at Le Bourget when he stretched a 
scheduled hour-long visit to the show into 2i hr., including 
a 55-min. detailed inspection of the excellent NASA space 
exhibit. His visit was spiced with numerous specific ques- 
tions on details of U.S. space projects depicted at the show. 
This personal interest is reinforced by his decision to 
fund space research across major key areas in the space 
technology spectmm, plus an operational program for 
six French satellites, at same time adding key funds to 
French aeronautical programs to keep their export momen- 
tum rolling. These French moves in the aerospace field 
have been almost exactly the opposite of those taken 
recently by the government of Great Britain, where a 
oncc-siiperb technology in aeronautics has been allowed to 
deteriorate and far too little effort has been devoted to 
pushing into these technologies: nuclear, electronics and 
space technology. We predict that these government deci- 
sions on the new technologies will have a major effect on 
the relative roles of these countries in the leadership of 
Western Europe in the not-too-distant future. 

In its currently emerging character, the French national 
space program is organized basically after the U.S. pattern 
in regard to relations with the military, industry and sci- 
entific community and universities. Indeed, it has been 
greatly assisted by the U. S. through training of French engi- 
neers in satellite technology at NASA's Goddard Space 
Flight Center, and by providing the initial Aerobee and 
Scout boosters plus launch facilities at Wallops Island and 
the Pacific Missile Range during the interim before the 
French facilities become fully operational. France also is 
extending the international scope of its space program under 
bilateral agreements with India and Argentina involving 
boosters and scientific instrumentation. It appears inevita- 
ble that as the French space capability develops, its industry 
will become the source of hardware for many nations 
interested in their space sciences programs who prefer not 
to depend on the United States and cannot get help from 
the Soviet Union. Just as it did so well in developing its 
postwar aircraft industry from the ashes of World War 2, 
France is carefully planning its space program to avoid 
duplicating major efforts by the U.S. and Russia, such as 
manned space flight, and is concentrating on filling gaps 
left by those programs’ scientific explorations. 

'Hie prime reason for the success achieved with postwar 
French aircraft in export markets was the unique character 


of their products, which filled gaps left by U. S. and British 
aircraft and engines. The French space program, as now 
planned, appears to be aimed initially at developing basic 
knowledge and operational capability in satellite technology. 
Not until this capability is achieved do the French plan to 
branch out in new directions with contributions to space 
sciences based on Prof. J. E. Blamont’s work with upper- 
atmosphere atomic hydrogen. 

Meanwhile, the French industry, as it did a decade ago 
with supersonic aircraft technology, is working hard on 
developing a broad capability in the most modern tech- 
niques related to all areas of space technology. Many for- 
eign observers at the French space pavilion were sur- 
prised to see more than a dozen traditional aviation firms 
exhibiting space work ranging from glass-wound rocket 
casings with integral liners, inertial guidance systems, 
plasma-jet engines and small nuclear power sources to 
satellite structures, advanced space instrumentation, com- 
munications techniques and lasers. 

Although France is developing its own space program 
and the required industrial support under a basic national 
policy. Prof. Coulomb made it clear that France will con- 
tinue to participate in and cooperate with the joint Euro- 
pean space efforts now being organized through ELDO 
and ESRO. However, he was equally emphatic that France 
does not intend to be slowed to the pace of these organiza- 
tions in development of its own capabilities. Wherever 
possible, French contributions to these joint efforts would 
be in handling a complete program on their own within the 
framework of the ESRO objectives rather than just con- 
tributing segments to the over-all program as is currently 
being done in the ELDO booster program. None of the 
top French space leaders appear to be underestimating the 
magnitude of the technical, financial and political prob- 
lems involved in putting the Tricolor into orbit. The 
French industry is having to pay heavily for much of the 
technical knowledge it needs for its push into space, just 
as it faced the painful but necessary cost of tooling for 
production of supersonic aircraft at a time when more 
affluent nations quailed at this cost. 

Paying this price a decade ago gave France the European 
leadership in the supersonic era of aviation. The French 
again appear prepared to meet whatever cost may 
be necessary to lead Europe in the space age. Another 
indication of how the French are viewing their space effort 
as a long-term investment is the program organized under 
the direction of Gen. Robert Aubiniere, technical director 
of CNES, to educate French technical students in con- 
struction and firing of small research rockets, while also 
providing facilities and supervision for these firings with 
maximum safety. France obviously is relying on its next 
generation to carry the real load in its space exploration. 

At Le Bourget the large white dome of the U.S. space 
exhibit stands next to the long, slim silhouette of France's 
first space booster-the three-stage Diamant-creating an 
effect, as Prof. Coulomb noted, of an Oriental mosque. 
The United States’ exhibit was truly impressive for the 
technical maturity and breadth of effort it expressed as 
proof of progress achieved since its initial space exhibit 
here two years ago. The French exhibit reflects the youth- 
ful surge of enthusiasm and determination that character- 
ized the U. S. exhibit two years ago. In comparing the two it 
is easy to see how much can be accomplished when pio- 
neering spirit and political support run strong. Hopefully, 
the French-American space mosque at Le Bourget will 
endure as a symbol of the extraordinary achievements that 
are possible in expanding man’s horizon when strong 
national capabilities are blended in realistic international 
technical cooperation. —Robert Hotz 
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why a strap-down inertiai. system? because it conserves space, weight and dollars ... and is readily 
adaptable to advanced sensors. It is inherently free from “gimbal-lock!’ The strap-down system, 
developed under sponsorship -V, of Aeronautical Systems Division, AFSC, USAF, offers 
the added advantages of the extreme reliability proven in solid-state computers. As 
graphically demonstrated above, the strap-down system has freedom of form factor. Ours is the 
one company comprehensively qualified to handle advanced assignments in this field, from ini- 

tial concept to production, f ORD INSTRUMENT CO. □ DIVISION OF SPERRY RAND CORPORATION 

31-10 Thomson Avenue, Long Islind Cily 1. N.Y. □ Beverly Hills, Calilornia □ Dayton. Ohio □ Huntsville. Alabama 0 Washington, D.C. 


WHO'S WHERE 


In the Front Office 

Thomas Nast. president and chief execu- 
tive officer, Robinson Technical Products. 
Inc.. Teterboro, N. J., and C. S. Robinson, 
board chairman. G. dcFrecst Lamer, for- 
mer chairman and chief executive officer, 
has retired but continues as a director. 

T. R. Smith, founder of Aero Corn- 
mander, Inc., has resigned as an officer and 
director but will continue as technical con- 
sultant for the company, and be will be 
available as a consultant in other business 
aircraft fields non-competitive to Aero Com- 
mander. 

Walter Brewer, Jr., vice president and 
general manager of the Engineering Div.. 
appointed acting general manager of the 
newly activated Advanced Planning Div., 
San Bernardino (Calif.) Operations of Aero- 
space Corp., and William H. Dorrancc. 
group director. Weapon Systems Plans, a 
newly established group in the Advanced 
Planning Div. 

Sidney L. Spiegel, vice president-market- 
ing. Liberty Electronics Corp., Inglewood. 
Calif., a subsidiary of Wylc Laboratories. 

Harrison F. Edwards, executive vice pres- 
ident, Simmonds Precision Products, Inc.. 
Tarrytown, N. Y. 

C. A. Christoff, vice president-engineer- 
ing. Clary Corp., San Gabriel. Calif., and 
Thomas V. Tucker, comptroller. 

Robert G. Hess, vice president and gen- 
eral manager. South and Central American 
Operations for Remington Rand Div. of 
Sperry Rand Corp., with headquarters in 
Rio de Janeiro. Brazil. J. C. Hydrick suc- 
ceeds Mr. Hess as president and general 
manager of Wright Machinery Co. Div. of 
Spcrrv Rand, Durham, N. C. 

Joseph J. Lipper. assistant to the presi- 
dent of Aerojet-General Corp.. with over-all 
responsibility for public relations activities; 
Mr. Lipper will continue to maintain his 
office in New York City. Also: Thomas H. 
Sprague, corporate manager of public rela- 
tions for Aerojet-General, with offices in El 
Monte, Calif. 

Donald L. Pyke. assistant to the vice presi- 
dent for research and development, Thomp- 
son Ramo Wooldridge. Inc.. Redondo 
Beach. Calif. 

Dr. Frank J. Malinu succeeds the late Dr. 
Theodore von Karinan as director of the 
International .Academy of Astronautics until 
the academy's bi-annual meeting in Scp- 

The Ministry of Aviation. U. K„ has ex- 
tended the appointment of Rear Adm. Sir 
Matthew Slattery as chairman of BOAC 
until July 28. 1964. Appointments extended 
until June 19. 1964: Sir Wilfred Nedcn, 
deputy chairman; Sir Walter Worboys, 
member; Lionel Poole, member. 

Honors and Elections 

Edward J. Huntsman, of General Dy- 
namics/Astronautics, has received the Air 
Force Systems Command Award for his 
"contribution to the deterrent strength and 
security of the United States and the free 
world" as manager of the base activation 
program for the Atlas E and F series. 


INDUSTRY OBSERVER 

► Long-term investigation of radiation weapons whicli would use intense, 
high-energy light beams generated by optical masers is not progressing satis- 
factorily. Although the feasibility of using optical masers as lethal weapons 
was not expected to be finally determined for some time, output levels of 
devices now being developed under the Advanced Research Projects Agency 
program are below levels targeted for this date. 

► Effects of nuclear anti-submarine weapons on ships and aircraft that launch 
these weapons are being measured at the Naval Ordnance Laboratory, Silver 
Spring, Md. Up to two tons of conventional explosives arc being used. 
Results extrapolated from data gathered from the tests will provide a founda- 
tion of knowledge in developing means of protecting the ships and aircraft. 

► USAF's Ballistic Systems Div. will evaluate industry' concepts for an 
advanced ICBM deployed in underwater positions for concealment and sur- 
vivability. These concepts will extend beyond the industry studies which 
Air Force already is supporting. Navy also is projecting a similar weapon 
deployment in an in-house studv of advanced sea-based deterrents for the 
1970s (AW Apr. 1. p. 23). 

► Aerospace companies expecting to submit bids to Aeronautical Systems Div. 
later this month in connection with Advanced Development Objective 12 
(ADO 12) to investigate a new, high-performance tactical fighter (AW May 
13, p. 23). include Republic Aviation, Norair, North American Aviation, 
Lockheed, Boeing and a team of Ryan Aeronautical and Raytheon. 

► Special summer study group will convene at the Navy War College. New- 
port, R. I., on June 24 for a month-long analysis of signal processing tech- 
niques used in radar, seismology and other fields which might be adopted to 
improve the submarine detection capability of Navy's active and semi-active 
sonar. Approximately 30-75 scientists will participate in the program, con- 
ducted by the Institute of Defense Analyses under sponsorship of the Navy’s 
Bureau of Ships and Office of Naval Research. 

► Competition to select a contractor for development of a stellar inertial 
Doppler system (SIDS) for possible use in a wide variety of Air Force aircraft 
is being conducted by USAF's Aeronautical Systems Div. 

► Difficulties experienced in coupling power into electrical propulsion engines 
has delayed NASA’s space electric rocket tests (SERT) program, for which 
Radio Corp. of America is building test capsules to be launched by Scout 
boosters (AW Sept. 4, 1961, p. 34). However. Lewis Research Center may 
issue proposal requests for SERT 2 as soon as the present power converter 
problem is overcome. SERT 2 is planned as an orbital flight test of a 3-kw„ 
solar cell-powercd ion engine (AW Dec. 3, p. 107). 

► Air Force Systems Command is expected to initiate soon an industry com- 
petition for an advanced guidance system for possible application to the 
Titan 3 space booster. This would extend beyond the present 45-month 
development program which involves 17 vehicles using an A. C. Sparkplug- 
modified Titan 2 guidance system. 

► Extent of Air Force participation in NASA’s Gemini program may be 
limited to a single experiment on each of 12 spacecraft. Defense Dept, is 
cool to participation as a partner unless it obtains a voice in the management 
of the program commensurate with the money it would be required to pay. 

► USAF's Aeronautical Systems Div. is evaluating proposals for development 
of a manufacturing process for reproducible porous-tungsten ionizers for use 
in cesium ion-propelled systems. Aim will be to obtain material of uniform 
pore size and high structural stability under high-temperature conditions. 

► NASA expects to award a study contract this month for a broad study of a 
prefabricated lunar base. As a follow-on, NASA mil sponsor a scries of con- 
tracts for studying lunar base subsystems, such as nuclear powerplants, life 
support systems and lunar surface transportation systems. 
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COED MARK II, a second generation Computer Operated Electronic Display, applies the 
combined brain power of man and machine to the solution of space age problems. Other appli- 
cations of the MARK II, in addition to PERT analysis, include real-time displays of helicopter 
flight control, lunar vehicle steering, missile guidance simulations, satellite thermal response, 
and polynomial curve fitting. Engineers interested in projects applying advanced display tech- 
niques are invited to contact our Personnel Director, Bendix Systems Division, Ann Arbor, 
Michigan— an equal opportunity employer. 




Bendix Systems Division 


Anti-missile Race 


Russian Space Test 


V/STOL Inquiry Brief 


Test Ban Prospects 


Washington Roundup 

U. S. is keeping abreast of Russia in the all-out effort to perfect an ICBM defense, 
but offensive penetration techniques arc expected to stay ahead of countermeasures, 
in the view of Defense Dept, experts. 

Dr. Harold Brown, Defense Dept, research chief, recently told the House Defense 
Appropriations Subcommittee that the advantage missiles have over defenses probably 
will be more apparent next year. But he assured the subcommittee "the major part of 
our missile forces as presently programed will penetrate any defense which could be 
deployed in the near future." 

Decoys appear to be better penetration aids than maneuverable missiles, and 
the latter will be “pretty carefully” studied this year. Brown said. Air Force long has 
pressed for acceleration of Project Pluto, designed to develop a supersonic low-altitude 
missile (Slam), and emphasized its penetration ability. 

Defense leaders arc tying their request for a fall-out shelter program to the anti- 
missile-missile effort this year. They argue that no missile defense would be complete 
without shelters to protect the population against fall-out from missiles purposely 
exploded outside defended areas. 

Rumors persist both here and abroad that Russia is about to launch a space 
spectacular, but predictions of just what it will be range from a rendezvous and docking 
attempt by two space ships to the orbiting of a woman cosmonaut. 

But no matter how spectacular the feat, congressional leaders still insist they will 
cut the U. S. space agency’s budget substantially. Senate space committee, which tradi- 
tionally restores cuts by its House counterpart, made it clear in authorization hearings 
last week that some cuts were in order. President Eisenhower went so far as to tell 
Republican congressmen that spending S40 billion to get to the moon was just plain 


Chairman John Stcnnis of the Senate subcommittee investigating the X-22A 
contract award to Bell (see p. 32) has no intention of prolonging the hearings to rival 
the marathon being conducted by Sen. John L. McClellan on the TFX. Sen. Stennis 
plans to conclude the inquiry as soon as possible, even to not calling officials of the two 
companies unless they themselves request to testify. 

Sen. McClellan purposely held off his TFX hearings last week to afford the X-22A 
inquiry maximum publicity. Both hearings arc embarrassing to the Kennedy Adminis- 
tration, and have tarnished Defense Secretary Robert S. McNamara’s image as the man 
as infallible as a computer. This is the main reason the Administration decided to have 
Deputy Secretary' Roswell L. Gilpatric testify' early in the X-22A hearings rather than 
save tile main witnesses until last, as in the TFX investigation. 

One of the many ironies in the parallel investigations is that the actual decision- 
makers. McNamara on the TFX and Gilpatric on the X-22A, were among the few who 
did not receive technical briefings on the rival proposals. A big reason why Gilpatric 
rejected Douglas was because of his opinion of the firm’s performance on Skvbolt. 

Key for arriving at a U. S.-Sovict agreement banning atmospheric and underwater 
nuclear tests appears to be whether Chaimian Nikita Khrushchev will back off from 

1 Harold Wilson, British Labor Party leader, said after a three-hour meeting last 
week with Khrushchev that chances for a full test ban with the inspections demanded 
by the U. S. “are not very hopeful," but declared there was “more hope of an agree- 
ment" outlawing testing in the atmosphere, space and underwater. President Kennedy 
said the U.S. will not resume atmospheric tests “so long as other states do not do so.” 

U.S. and British officials will go to Moscow in July to try to negotiate a treaty 
with the Soviets. W. Avcrell Harriman, under secretary of state for political affairs, will 
head the U. S. delegation while Viscount Hailsham, minister of science, will direct the 
British team. A resolution sponsored by 34 senators favors banning atmospheric and 
underwater tests, and declares that any cheating could be detected without on-site 
inspections. 

Dr. Albert Flax will be named assistant secretary of the Air Force for research and 
development, a post left vacant when Dr. Brockway McMillan moved up to under- 
secretary of the Air Force. Flax, an aeronautical engineer and former USAF chief 
scientist, comes from Cornell Aeronautical Laboratory, where he was vice president. 

The seven engineers from the Manned Spacecraft Center who developed the 
Mercury spacecraft concept— Willard S. Blanchard, Jr., Robert G. Chilton, Maxime 
Faget, Jerome B. Hammack, Caldwell C. Johnson, Jr., A. B. Kehlet, Andre J. Meyer, Jr — 
obtained a patent on the capsule June 10-the day the space agency announced the 
Mercury project had come to an end. 

—Washington Staff 
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SPECIAL FRENCH SPACE PAVILLION at tlic Paris Air Show housed 37 exhibi 
is the Diamant three-stage boost vehicle. Vesta booster is at right and Sud sr 



French Government Plans 


Paris— F rencli government, with strong 
insight into national prestige and poten- 
tial industrial technological fallouts in- 
volved, is developing a broad national 
space program that should establish it 
as West Europe’s leader in this field 

Beginning with FR.l, to be launched 
from the U. S. Pacific Missile Range in 
late 1964 or early 1965 with a Scout 
booster supplied bv the National Aero- 
nautics and Space Administration, the 
French plan to move quickly towards 
placing five scientific satellites into 
orbit, using nationally developed boost- 

Launch sites located in metropolitan 
France also will be developed, and other 
satellites beyond the initial five will 
be designed and placed into orbit. 

First all-French satellite and launch 
system, the FR.2, is scheduled to be 
fired in early 1965 by the SEREB- 
developcd Diainant three-stage booster. 
The launch site will be at Hammaguir, 
Algeria, in the Sahara near France’s 
Colomb-Bcchar nuclear test site. 

Four other satellite projects already 
have been formally designated and ap- 
proved by the French government. 

Tlie planned space assault, with di- 
mensions unparalleled elsewhere in 


West Europe, is being organized largely 
along established U. S. pattern. Booster 
development and launch techniques re- 
main largely in the hands of the mili- 
tary, with the payload design respons- 
ibility assigned to a new and growing 
government agency named the Centre 
National d'Etudes Spatiales (CNES), 
whose assignment roughly parallels that 
of NASA's Goddard Space Center, ac- 
cording to officials here. 

Like Goddard, CNES will retain 
much of satellite and payload design 
responsibility but will contract with 
private industry for most of actual de- 
velopment and production, and a num- 
ber of traditional French airframe firms 
already are becoming deeply involved in 
the space program. 

Marcel Dassault, as an example, is 
working on several electronic projects, 
and Hispano Suiza is developing iner- 
tial guidance systems. Nord Aviation is 
producing the FR.l, while Sud along 
with SEREB is working on booster 
units, and Potez is producing high- 
altitude research balloons. 

As an indication of the importance 
France attaches to its space effort, 
CNES President Jean Coulomb reports 
directly to French Minister for Scien- 
tific Research Caston Palewski who, in 
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DIAMANT BOOSTER, above left, lias a liquid-fueled first stage and solid-propellant second and third stages. The first two stages are 
SEREB-dcveloped and Sud has designed the third stage. French FR.l satellite, right, will be launched by a Scout booster. 


West Europe’s Most Extensive Space Effort 


turn, reports directly to President 
Charles Dc Gaulle. 

CNES directorate also includes rep- 
resentatives of a number of universities 
and research institutes, and these organi- 
zations will be called upon to make 
substantial contributions to the space 
program as a whole. 

Organized slightly over a year ago, 
CNES now has approximately 100 tech- 
nicians on hand at its Bretigny head- 
quarters near Paris and anticipates, 
according to one official, growth to 
“several thousand" employes during 

The extent of government support 
and understanding of the need for a 
strong national space program was in- 
dicated here last week by Palewski. 



Commenting upon the impressive 
French space pavillion at the Paris Air 
Show (AW June 10, p. 26). Palewski 
noted that France’s efforts in this direc- 
tion are destined to transform French 
industry as a whole, providing as inevi- 
table fallouts valuable new commercial 
as well as military products that can 
keep France moving forward apace with 
other Western nations in this area. 

Palewski added that government plans 
to give full support to French space 
efforts, national as well as those antici- 
pated within framework of multina- 
tional European Space Research Organi- 
zation (ESRO) and the European 
Launch Development Organization 
(ELDO). 

CNES projects already approved 
include: 

• FR.l satellite, built by Nord, which 
will be launched by NASA Scout vehi- 
cle to orbit at an altitude of 500 mi. in 
late 1964 or early 1965. The payload- 
three experiments designed to measure 
the earth's magnetic and electromag- 
netic fields— is being designed by 
France's Centre National d’Etude dcs 
Telecommunications (CNET), a de- 
partment of the postal ministry, with 
CNES responsible for integration of 
the package into the satellite shell. 


In one experiment, FR.l will at- 
tempt to measure very low frequencies 
emitted from three major submarine 
communications stations. CNET sci- 
entists believe these frequencies can be 
heard in space and that, if so, their 
measurements can provide new infor- 
mation on the atmosphere's structure. 

The satellite and payload will be 
French-designed and built, except for 



PROPOSED PHAETON SATELLITE system 
developed by SEPR would be used primarily 
for solar and nuclear power research. 
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British Display Variable-Wing Model 

Models displaying British Aircraft Corp.'s concepts of a variable sweep wing, which the 
company is exploring under a Ministry of Aviation contract, were displayed at the Paris Air 
Shosv. General configuration of the model probably bears some resemblance to the still- 
secret TSR.2 tactical strike reconnaissance fighter being developed for the Royal Air Force. 



Sud Assault Helicopter Mockup Shown 

Sud SA.330 turbine-powered assault helicopter, now under development, is shown in 
mockup form at the Paris Air Show. Helicopter, with large doors on cither side of the 
fuselage, is built around a squad-sized unit and will carry 12 passengers and a crew of two. 


external solar cell power units which 
will be purchased from the U.S. since 
French industry still is lagging in this 
area. Data readout will be provided by 
two on-board telemetry units, including 
an advanced svstem developed by 
CNES. 

As a prelude to an actual orbital 
flight, an FR.l payload will be launched 
to an altitude of between 125 and 137 
mi. from NASA’s Wallops Island, Va„ 
facility sometime this fall. 

• FR.2, first satellite to be launched by 
the Diamant booster, essentially will be 
a flying laboratory for the French 
equipment involved. One feedback 
system attached to the Diamant’s third 
stage will report on the booster's vibra- 
tion and roll motions, while the satellite 
itself will carry experiments to measure 
radiation and effects of radiation damage 
to external solar cells. CNES officials 
now estimate that radiation, including 
the increased intensity resulting from 
U.S. high altitude nuclear explosions, 
will destroy effectiveness of FR.l solar 
cells within three to four months, termi- 
nating all communications with the 
satellite. 

FR.2 also will carry several trans- 
mitters operating on various frequencies 
as part of an ionospheric beacon experi- 
ment. Total pavload of the satellite 
will be 77 lb. 

• FR.3, also a flying laboratory for the 
French systems involved, essentially 
will be a scaled-up model of the FR.2. 
The pavload weight will be increased to 
99 lb. 

• FR.4, the first French satellite in 
which attempts will be made to break 
new scientific ground, will carry a pay- 
load designed to measure hydrogen dis- 
tribution in the upper atmosphere. A 
measuring device was developed by 
Prof. J. E. Blamont of CNES. A 
similar Blamont-designcd experiment 
will be used aboard NASA's Pogo 
satellite. 

• FR.5 will be launched by the Diamant 
to study magnetic impulses in space and 
also will be equipped as a laboratory for 
laser research. 

• FR.6 will be a solar-stabilized satel- 
lite, but the final payload will not be 
determined until CNES officials have 
had an opportunity to study results ob- 
tained from earlier satellite telemetry 
reports. CNES officials are studving 
several proposals for stellar satellite de- 
signs, but the final decision in this area 
has not yet been made. 

In a related research effort, France’s 
Centre d’Enseignement et de Rechcr- 
clies de Medccine Aeronautique (CF.R- 
MA) is studying bioscience aspects of 
space through ballistic trajectory 
launches of several small animals, al- 
though CNES says it has no interest in 
placing man in orbit. Launches began 
with a rat in 1962; a cat is scheduled to 
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CAT-CARRYING VEHICLE, above left, will be launched into a suborbital trajectory later this year as part of French space medical research 
program. Dummy satellite, right, built by SEREB, will be used in tests of the Diamant booster. 


be placed in ballistic trajectory some- 
time this year using the Veronique 
booster. A monkey will be launched in 
1964 with the Diamant rocket. 

French scientists also plan to monitor 
information transmitted from NASA's 
Nimbus weather satellite and will turn 
this data over to the French weather 
bureau. 

In the satellite field, the French 
space pavillion and other air show ex- 
hibits include a number of other pro- 
posed satellite designs from private in- 
dustry which have not yet received 
formal government support for final 
development. 

These include the Phaeton for solar 
and nuclear power research developed 
by Societe d’Etude de la Propulsion par 
Reaction (SEPR) in a study for CNET 
and the SNECMA Genevieve 24-hr. 
synchronous orbit television relay satel- 
lite. The Phaeton, if approved, would 
be placed in orbit with a 30-deg. in- 
clination to the equator by the Diamant 
with an orbital period of 1 hr. 40 min. 
Perigee would be 745 mi. and the 
apogee, 870 mi. 

Several companies also are looking 
into the plasma jet research field. 

So far as man in space is concerned, 
CNES President Coulomb emphasizes 
that the government at present has no 
interest in this area. Considering 
budgetary requirements for such an ad- 
vanced step. Coulomb says, a move in 
this direction would be "disastrous" for 
the French program. A project of this 
magnitude. Coulomb says, would siphon 
off all currently anticipated French 
space funds and produce results less 
satisfactory than those already obtained 
by the U. S. and Soviet Union. 

Present Diamant configuration, de- 
signed primarily as a nuclear weapons 
carrier for the military, has the capabil- 
ity of placing a maximum 176-lb. 
payload into orbit, while the second- 


generation design under study by 
SEREB. scheduled to be operational by 
1967-68, should be capable of handling 
substantially larger satellites. 

Current Diamant has a three-stage 
height of 53.4 ft. and a launching 
weight of approximately 18 metric tons. 
SEREB-dcvelopcd first stage, desig- 
nated Eineraudc, uses a liquid fuel mix- 
ture. while the Topaze second stage and 
the Sud-dcsigned third stage use solid 
propellants. The Sud third stage incor- 
porates wound glass fiber construction, 
and both the nozzle and the body in- 
corporate monobloc techniques. 

Advanced Diamant would have four 
swivelling nozzles as opposed to a sin- 
gle fixed unit on the present booster, 
and the first stage would have a thrust 
of 40 metric tons as compared with 28 
tons for the current unit. The first 
stage also would use a solid propellant, 
and all three stages would be built to 
SEREB's design. 

Under the Evian peace agreement 
signed with Algeria, France can use the 
Sahara launch site until July, 1967 and 
Coulomb says there is a possibility that 
the Algerian government might permit 
"peaceful" satellite launchings after 
that date. CNES firings at present are 
conducted under French army auspices 
and control. 

To prepare for the 1967 evacuation 
from the Algerian launch facilities, the 
French army now is considering con- 
struction of a site along the South At- 
lantic coast of France, and Coulomb 
says it would be available for use by 
CNES. The range, however, would per- 
mit launchings only to the north- 
west. effectively destroying its useful- 
ness as a satellite center, since vehicles 
should be fired in easterly direction in 
order to take advantage of the earth’s 
rotation and the resultant gain in pay- 
load weights. 

To provide for this in the event 


launches from Algeria are no longer 
feasible— Coulomb admits negotiations 
for any time extension probably would 
be lengthy— France also is considering 
the possibility- of establishing a second 
site in the Pyrenees area along the 
Mediterranean in the region of Roussil- 
lon near the town of Leucate. 

France also is planning construction 
of its own tracking network, particu- 
larly through Africa, although it will 
rely primarily upon NASA’s Minitrack 
system for data collection from FR.l. 

CNES engineers now are making sur- 
veys of Africa and other areas, including 
the Canary Islands, to determine the 
best locations for four tracking sites 
which will form the basis of the French 

French monetary contribution is di- 
vided evenly between its national pro- 
gram on one hand and both the co- 
operative ELDO and ESRO programs 
on the other. 

Unless ELDO wants the Diamant, 
Coulomb indicated that France’s only 
potential contribution would be the 
final development of an advanced ver- 
sion of the Veronique rocket as the 
second of three planned stages for the 
organization’s booster unit. 

So far as ESRO is concerned. Cou- 
lomb said, the French national program 
might concentrate upon other areas of 
research while leaving solar satellites 
and lunar probes to be handled solely 
by the multilateral agency which has 
the task of developing common satellite 

Coulomb predicted that the French 
parliament would complete approval of 
France's participation in both organiza- 
tions in the near future. 

In its rapid buildup, CNES has dis- 
patched a number of scientists to 
NASA’s Goddard Space Center for at 
least six months study in their respec- 
tive fields. 
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Navy Scores DOD Civilians’ X-22A Role 


By George C. Wilson 

Washington— Navy made a broadside 
attack on the civilian leadership of the 
Defense Dept, last week when Adm. 
George W. Anderson, outgoing chief 
of naval operations, said the practice of 
reversing the military "without ade- 
quate and thorough consultation is 
dangerous,” and "can only be detrimen- 
tal to the competitive spirit of Ameri- 

Adm. Anderson expressed his con- 
cern in the form of a swom statement 
filed with the Senate Preparedness In- 
vestigating Subcommittee that is prob- 
ing the award of the X-22A V/STOL 


research aircraft contract to Bell Aero- 
systems Co. Navy had recommended 
Douglas Aircraft Co. on grounds its 
proposal was technically superior and 
cheaper to build (see box). 

Other top Navy officers told the sub- 
committee they shared Adm. Ander- 
son’s views, and said they felt Douglas 
should have been awarded the contract, 
which ultimately may total SIS million. 
The only justification they had received 
from civilian superiors for the reversal, 
they said, was in a letter from Deputy 
Defense Secretary Roswell L. Gil- 
patric, who cited Bell’s greater experi- 
ence in the V/STOL field and past per- 


Thc subcommittee's V/STOL probe 
is being called “the little TFX inves- 
tigation” because of the many parallels 
to that controversy. One difference is 
that Defense Secretary Robert S. Mc- 
Namara himself has taken full respon- 
sibility for reversing the unanimous 
recommendations of the USAF-Navy 
source selection boards, which on four 
occasions chose Boeing over General 
Dynamics for the $6.5-billion F-lll 
(TFX) contract. So far, the X-22A re- 
versal has been attributed to Gilpatric. 

Central issue in both Senate investi- 
gations, however, is whether civilian 
defense leaders are establishing new 
ground rules for procurement which 
threaten to reduce the influence of the 
military to the point where U. S. fight- 
ing forces will receive second-best 
weapons. The X-22A investigation is 
one more example of Congress shifting 
its skepticism from military officers to 
civilian defense leaders (AW June 3, 
P- 22). 

Adm. Anderson's statement at the 
opening of the X-22A hearings June 
12 was the strongest public criticism 
leveled bv a military leader during this 
Congress against civilian reversals of 
military recommendations on major 
procurements. “It is my personal con- 
viction,” Adm, Anderson said, "that 
reversal of source selection recommen- 
dations made on the basis of long- 
established and widely accepted pro- 
cedures is improper on two bases. First, 
the professional advice of military and 
civilian experts charged with the tech- 
nical evaluation of design proposals 
should not be overturned except for the 
most compelling and persuasive reasons. 
Second, such reversals can only be de- 
trimental to the competitive spirit of 
American industry. 

“For many years,” he continued, 
"the Navy has attempted to foster and 
maintain this spirit at a high level in 
the belief that such will accelerate tech- 
nological progress and innovation to en- 
sure that we receive the most effective 
weapons systems and hardware attain- 
able. If other considerations are to be 
introduced into what hitherto has been 
a strictly competitive process, industry 
should know in advance the ground 
rules under which they are to seek new 
development and production con- 

Adm. Anderson said the Navy in the 
past has conducted aircraft design com- 
petitions "under ground rules well un- 
derstood and received by industry” and 
had experienced no reversals in the past. 
He said the X-22A reversal came "as a 
complete surprise” to Vice Adm. Paul 
D. Stroop, then chief of the Bureau of 
Naval Weapons. Both Adms. Ander- 
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How Navy Evaluated X-22A Proposals 

Washington— Naw estimated Douglas could build two prototype X-22A tri-service 
V/STOL ducted-fan' research aircraft for 520,280,000 and Bell could do it for 521,- 
060,000, a difference of S780.000. 

According to the June, 1962, evaluation memorandum prepared by George A. 
Spangcnbcrg, evaluation director for the Bureau of Naval Weapons, these were the 
other advantages the Navy saw in the Douglas proposal: 

constant-speed drive or battery, while Bell proposed constant-speed drive and more 
complicated alternators and transformer rectifiers. 

• Transmission system. Douglas' single main aft gear box design “is greatly pre- 
ferred" because it is simpler, has more interchangeable units and is more conserva- 
tively designed. Bell proposed multiple unit arrangement "which introduces align- 

• Fuel" arrangement. "The flat tank at the top of the fuselage on Bell's design is 
inherently worse than Douglas' well-shaped cell.” 

• Escape. Douglas provides ejection scats while the pilot in the Bell-designed vehicle 
would have to climb through a 28-in. square opening, step over a cross beam and 
then bail out a side door. "Bell's arrangement is unsatisfactory.” the memo said. 

• Manpower. Bell would have to hire personnel, while Douglas would use personnel 
slated to be laved off. 

• Engineering. Douglas "has obviously studied the ducted fan concept in greater 
detail and their proposal shows sound engineering solutions to many problems only 
discussed by Bell in general terms." 

Spangcnbcrg said Bell's aircraft would perform better because it uses a 7-ft.-dia. 
propeller compared with the Douglas 6.25-ft.-diu. propeller. Also. Bell proposes a 
higher propeller rpm. for hovering or a lower one for level flight, while Douglas 
propellers would turn a constant 2,500 rpm. 


son and Stroop said Gilpatric's letter 
directing Bell to be awarded the con- 
tract was so positive that they did not 
attempt to change his mind. 

Subcommittee Chairman John Sten- 
nis (D.-Miss.) said the objective of the 
hearings is to determine “whether 
there were valid and compelling reasons 
for overturning the findings of the tech- 
nical evaluators” in the X-22A case. 
"We also want to know.” Sen. Stennis 
said, "what the ground rules arc for 
the award of research and development 
contracts and whether there has been 
or is to be a change in them. If there 
is to be a departure from the concept 

awarded under the usuaf competitive 
process, then both the Congress and the 
affected industries should be informed.” 

The first week of hearings brought 
these disclosures: 

• White House interest. Dr. Jerome B. 
Wicsncr, President Kennedy’s science 
adviser, was so interested in the X-22A 
project that Navy officials gave him a 
special briefing June 4, 1962, in the 
Executive Office Building. Adm. 
Stroop said this interest was "of a tech- 
nical nature," not an attempt to exert 
White House pressure on the Navy on 
behalf of either contractor. Dr, James 
II. Wakelin, Jr., assistant secretary’ of 
the Navy for research and development, 
and Dr. Harold Brown, director of the 
office of defense research and engineer- 
ing, attended the same briefing. George 
Spangenberg, chief of the Bureau of 
Naval Weapons’ evaluation division, 


who gave part of the briefing, said 
Wiesner's questions concerned the 
Navy’s evaluation process rather than 
"the technical suitability of the design." 

• Korth's role. Adm.- Stroop said Navy 
Secretary Fred Korth told Wakelin to 
handle the X-22A procurement because 
Korth felt his own former sendee as a 
director of Bell presented a conflict of 
interest. Adm. Stroop said Korth “was 
completely neutral." 

• Gilpatric’s role. Adm. Stroop said 
Gilpatric— as far as he knew— was never 
briefed on the Navy’s X-22A evalua- 
tion, nor did the deputy’ defense secre- 
tary ever consult with the Navy leaders 
before reversing them. Adm. Stroop 
said Gilpatric’s justification on grounds 
of Bell's V/STOL experience and past 
performance "do not balance or surpass 
the technical reasons we presented 

He said lie agreed with Adm. Ander- 
son’s views. “The aim of this whole 
business is to get the best possible 
weapon in the hands of the fighting 
forces," Adm. Stroop said. "We also 
want to have fair business practices and 
finally, the most economical program.” 
Rear Adm. Kleber S. Masterson, chief 
of the Bureau of Naval Weapons, and 
aircraft development officer of the bu- 
reau, also agreed with Adm. Anderson. 
Adm. Masterson said if such reversals 
continue, the ground rules should be 
changed or else the whole evaluation 
process becomes "misleading.” 

• Military unanimity. Adm. Stroop 
said he knew of no civilian or military 


official within the Navy who dissented 
from the conclusion that the Douglas 
proposal was superior to Bell’s. He said 
that those endorsing the recommenda- 
tion to award the contract to Douglas 
included Wakelin, Anderson and Adm. 
C. V. Ricketts, vice chief of naval oper- 



said he agreed the Douglas proposal was 
technically superior, but told Gilpatric 
in a meeting June 13, 1962, that “since 
both contractors could produce an ac- 
ceptable aircraft, other factors should 
also be considered in making a deci- 
sion,” such as "relative experience and 
past performance.” He said experience 
is especially important in an experi- 
mental proposal which pushes engineer- 
ing and technology. Brown said he 
made no over-all recommendation on 
which contractor should be chosen, but 
thought Gilpatric’s decision “was on 
balance the correct one.” 

• Economic considerations. Wakelin 
said the fact that Bell was located in 
Buffalo, N. Y„ which had more unem- 
ployed than Douglas' area-Long 
Beach, Calif.— was mentioned in dis- 
cussions below his level, but did not 
figure in the decision by Gilpatric. 
Wakelin endorsed the Navy evaluation, 
which concluded the Douglas design 
was superior technically, but said he, 
too, felt Gilpatric’s decision was “the 
right one" because of other factors. 
Wakelin said he arranged the briefing 
of Wiesricr because the aircraft was a 
tri-service project. 

Wiesner has told subcommittee in- 
vestigators that he does not wish to 
testify at the hearings, and Sen. Stennis 
has decided not to press the point. 


Radio Disturbances 

earth by Sporadic E disturbances has 
definitely been linked to wind shear ac- 

of zero wind velocity and Acting with 
the earth's magnetic field pull in elec- 
trons into thin layers about 4-mi. thick. 

reaching the much higher F layer, ac- 
cording to the theory of an Australian 
scientist. J. D. Whitehead. The electron 
density profiles measured showed the thin 

shear rather than the northwest shear 
predicted by Whitehead. 

Three experiments, using Nike-Cajun 
and Nike-Apache sounding rockets 
equipped with Langmuir-type electrical 
probes were conducted. 

Dr. Leslie G. Smith of the Geophysics 
Corp. of America, Bedford, Mass., di- 
rected the experiments under contract to 
NASA's Goddard Space Flight Center. 
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First Air Force CH-3C Helicopter Rolled Out 

First USAF/Sikotsky CH-3C, recently rolled out at the company's Stratford, Conn., factory, has a hydraulically operated rear loading ramp 
for straight-in loading of wheeled vehicles (AW June 10. p. 39). Helicopter is amphibious and has a 2,000-lb. capacity winch for internal 
cargo handling. First flight is scheduled later this month. CH-3C will carry 25 passengers or 5,000-lb. of cargo. 


Weightlessness Effects on Cooper Cited 


By Warren C. Wetmorc 


Warsaw— Astronaut L. Gordon Cooper’s insistence that he saw houses 
and other objects on the Tibetan Plateau during his Mercury-Atlas 9 flight last 
month suggests that visual perception and judgment may be adversely affected 
by weightlessness, Dr. W. R. Adey told participants in the Terrestrial Life 
in Space Session at the Committee on Space Research (COSPAR) meeting 

Dr. Adey, a member of the Brain Research Institute of the University of 
California at Los Angeles, later amplified on this statement: “Whatever he 
saw, if his judgment was in good shape, as a pilot with thousands of hours 
of flying time he would know that it was absolutely impossible to see a 
lO-ft.-dia. object from an altitude of 500,000 ft.” 


— r ers experience, Adey said, 
probably was not hallucination in the 
usual sense, but rather was due to a 
euphoric sense of well-being stemming 
from lack of gravity sensory input to 
his muscles and joints. In this state- 
which is somewhat akin to the so-called 
"rapture of the depths” occasionally 
experienced by divers— an impairment 
of critical faculties could ensue. 

If the high altitude of the Tibetan 
Plateau— which is above a considerable 
proportion of the atmosphere-is 
thought to be a factor, Adey said, then 
some unusual diffractive mechanism 
must be postulated, since the maximum 
resolution of the unaided human eye is 
of the order of 1 to 3 sec. of arc. 

Moreover, a dark object would tend 
to be masked by the white background 
of the Himalayan snowfields, Adey said. 

This occurrence gives an indication of 
the need for carefully controlled, ex- 
tensive investigations of human psycho- 
physiological phenomena arising from 
deprivation of external sensory stimuli, 
Adey said, which have thus far not 
been part of the U.S. space program. 


Dr. Adey's sensory-deprivation experi- 
ments with pigtail" macaque monkeys 
consisted of raising the animals from 
birth in dark cages, except for the ran- 
dom periods of light each day that were 
necessary to protect the animals' retinas. 

Monkeys, who were observed by 
means of infrared television, exhibited 
bizarre behavioral patterns, including 
chewing their limbs and slapping their 
heads. One animal was observed to 
obtain sensory input by leaping upward 
and striking the top of his cage with 
his teeth. When light was offered on a 
reward basis, animals would press light 
switch repeatedly for extended periods 
of time, often as long as 18 hr. 

Results of research into reliability of 
human subjects under impoverished 
sensory conditions were presented to 
the same COSPAR session by George 
T. Hauty of the Federal Aviation 
Agency's Civil Aeromedical Research 
Institute. 

Volunteers— who with but one ex- 
ception were all military pilots— were 
confined to a 50-cu.-ft simulated space 


cabin for 30-hr. periods. No communi- 
cation with personnel outside was 
allowed, and any external noises were 
effectively masked by sounds from 
ventilation blowers. Cabin portholes 
were shuttered to present visual con- 
tact with the outside, and subjects were 
observed by closed-circuit television. 

This reduced sensory environment 
was further impoverished by forcing the 
subjects to concentrate their attention 
beyond the point of extreme fatigue on 
performance of tasks involving spatial 
discrimination, problem solving, vigi- 
lance and perceptual judgment. 

Reliability of the majority of the sub- 
jects was not adversely affected, Hauty 
said, but certain others exhibited pro- 
nounced aberrations. 

For example, one subject felt as 
though his hands and feet had grown 
to enormous size, and therefore experi- 
enced difficulty in manual operation of 
the task console. At one point he im- 
agined that a 12-ft. deep hole had 
opened up in the chamber floor, and 
left his tasks to investigate this. On sev- 
eral occasions he felt as though he were 
floating weigh tlcssly in mid-air. 

Another subject carried a blanket 
into the chamber as a precaution 
against recurrence of an electrical fire 
which had terminated an earlier test. 
During the 22nd hour of his confine- 
ment he began shouting, “it’s real hot, 
tell them to pull it out. the TV set— 
it’s still on-the TV set is turning all 
brown-the one sitting right in front of 
me, right in my face— better turn it off 
in a hurry, it’s getting hot as hell.” 

Attempts by a technician to dissuade 
the subject from his anxiety over immi- 
nent fire in the normally-functioning 
TV monitor were fruitless, and he later 


AVIATION WEEK & SPACE TECHNOLOGY, 


was removed from the chamber in a 
highly agitated state. 

A third subject, who entered the 
chamber determined to resist hallucina- 
tions. nevertheless thought lie saw the 
TV monitor floating weightlessly and 
had illusions of faces in the dials of the 
task console. His attempts to resist, 
however, probably were responsible for 
his learning to cope with the aberra- 
tions, by looking away from them. 

Solution to these problems, Hauty 
concluded, may involve the achieve- 
ment of sensory environments beyond 
such obvious techniaues as communi- 
cation with the earth, programed en- 
tertainment, duty rotations, etc. A 
basic understanding of biological proc- 
esses is needed. 

Later COSPAR sessions focussed on 
extra-terrestrial life, especially on Mars. 

Study of its life-forms will yield fur- 
ther insight into evolution of life on 
earth, NASA's Dr. Card Sagan told 
delegates. By comparing them to those 
of earth, it would be possible to deter- 
mine the validity of the theory that in- 
terstellar and interplanetary transfer of 
microorganisms by radiation pressure 

However, Dr. Sagan said, only the 
smallest could thus be transferred, since 
their sizes must be on the order of the 
wavelength of a proton. This means 
that for our sun, bacterial spores would 
necessarily be too small to possess 
shielding for survival in deep space. 

A more optimistic outlook for the 
natural spread of life through the solar 
system was expressed by Prof. A. A. 
Imshcnetsky of the .Soviet Academy of 
Sciences. 

“We have no experimental evidence 
of the stability of bacterial spores pres- 
ent in cosmic dust to ultraviolet rays," 
he said. “Without these data at our 
disposal we cannot state that transpor- 
tation of bacterial spores through in- 
terplanetary' space is impossible." 

Gulliver, an instrument designed to 
detect and analyze life on Mars was dis- 
cussed by N. H. Horowitz of the Cali- 
fornia Institute of Technology. 

Key to this instrument lies in the 
fact that almost all known species of 
life produce carbon dioxide, which can 
be made radioactive and thus easily 
detectable by feeding them on a nutri- 
ent containing carbon 14. 

Two such instruments— one for test- 
ing and the other for control purposes 
—would be incorporated into a capsule 
for landing on Mars. The radioactive- 
nutrient would be contained in sealed 
ampoles and the entire apparatus would 
be heat-sterilized to preclude terrestrial 
contamination. 

After landing on Mars, squibs will 
fire projectiles outward from the instru- 
ment. Each projectile will deploy 25-ft. 
lengths of silicon grease-impregnated 
cord. Gulliver’s motor will then reel 


the cord and adhering Martian soil into 
an incubation chamber. After the 
chamber is sealed, the ampole will be 
broken and the culture medium re- 
leased onto the cords. 

Any organisms contained in the soil 
sample that are able to metabolize the 
nutrient will produce radioactive car- 
bon dioxide. This gas will be detected 
by a thin-window Geiger tube and the 
data will be telemetered to earth. 

Accidental contamination of other 
planets— particularly Mars— by space- 
craft-borne terrestrial microbes is a mat- 
ter of extreme concern for exobiologists. 

Experiments conducted by R. S. 
Young, P. H. Deal, J. Bell and J. L. 
Allen at NASA’s Ames Research Cen- 
ter have demonstrated that certain 
types of terrestrial anerobic bacteria not 
only withstand but actually thrive in a 
simulated Martian environment. 
These conditions included a freeze- 
thaw cycle ranging between — 75C and 
+25C during day to night transition of 
the Martian equatorial summer. 

To preclude contamination, consid- 
erable study is being made of methods 
for sterilizing spacecraft. Several re- 
ports on this were presented at the con- 
ference. including the use of heat, radi- 

One such method, called gnotobiotic 
—meaning known biote— was outlined 
by Dr. P. C. Trexler of the Albert Ein- 
stein College of Medicine. This in- 
volves actual fabrication of spacecraft 
in a sterile environment enolosed by a 
mechanical barrier, or isolator— a tech- 
nique which has been used to raise 
germ-free laboratory animals. 

Isolator walls would be made of a 
flexible film, which would permit use 
of rigid supports for the spacecraft 
components from outside the sterile 
chamber. Gloves and even suits could 
be built into the walls for testing, re- 
pairs and assembly. 


For more complex operations, a tech- 
nician could don a pre-sterilized venti- 
lated suit and enter the enclosed area 
through a germicidal lock. Chemical 
agents, such as ethylene oxide or pera- 
cetic acid, would lie used to maintain 
sterility of the enclosure’s atmosphere. 

This technique could probably be 
used for repairs and mating of parts 
even on the launch pad without need 
for re-sterilization, Trexler said. 

Other highlights of the COSPAR 
meeting include: 

• Snow in the Martian atmosphere has 
been detected by means of spectropho- 
tomctric studies conducted in the Soviet 
Union. This phenomenon is concen- 
trated around the region of the polar 
caps, N. A. Kozyrev said. 

• Two dimples have been discovered in 
the earth's gravitational field in the 
course of geodetic studies of motions of 
eight U. S. satellites, according to Prof. 
Fred Whipple, director of the Smith- 
sonian Astrophysical Observatory. Loca- 
tions of these phenomena were given as 
off the west coast of Mexico and south- 
west of the tip of India. 

• Lifetime of gcomagnctically-trappcd, 
high-energy protons seems to be de- 
pendent only on atmospheric density, 
coupled with the breakdown of the 
magnetic moment invariant, Prof. S. 
Fred Singer of the U. S. Weather 
Bureau reported. Consequently, life- 
times of the order of several hundreds 
of years arc possible for protons trapped 
close to the earth's surface. 

• One of the most important immediate 
hazards to spaceflight, posed by solar 
flares and trapped radiation, is radiation 
sickness, according to Dr. Wright H. 
Langham of the Los Alamos Scientific 
Laboratory. Doses as low as 100 rads- 
well below the lethal level— can produce 
nausea, vomiting and fatigue, which 
could incapacitate an astronaut for as 
long as 24 hr. 
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MA-10 Ruled Out; Project Mercury Ends 


Washington— U. S. space agency last 
week closed out Project Mercury after 
deciding against an open-end MA-10 
mission as long as six days (AW May 
27, p. 23), and shifted its Mercury tech- 
nical forces to the Gemini and Apollo 
manned flight programs. 

Announcement of the decision was 
made by James E. Webb, administrator 
of the National Aeronautics and Space 
Administration, in an appearance be- 
fore the Senate space committee. 

Webb was scheduled to begin a de- 
tailed presentation on NASA’s pro- 
ram to the committee, which began 
earings on the authorization bill for 
the agency's S5.7-billion Fiscal 1964 
budget request. 

Instead, he announced that after con- 
ferring with his deputy. Dr. Hugh L. 
Dryden and NASA Associate Adminis- 
trator Robert C. Seamans, Jr., it was 
decided "not to have another Mercury 
flight." Webb said it was felt the ex- 
tended 24-hr.-a-day operation required 
in a six-dav mission, and the work in- 
volved in preparing another spacecraft 
and booster, would hamper progress on 
Gemini and Apollo and the decision 
was to press on with these programs. 

Officials of the Manned Spacecraft 
Center at Houston said the decision 
would permit about 700 persons in sev- 


eral divisions— including flight opera- 
tions, flight crew operations and crew 
systems— to transfer from Mercury to 
the follow-on programs. 

The resignation of D. Braincrd 
Holmes, director of NASA's Office of 
Manned Space Flight, was disclosed a 
few hours after the MA-10 decision was 
announced. However, NASA officials— 
including Holmes himself— said the 
Mercury' decision did not directly in- 
fluence Holmes’ action (see p. 37). 

NASA said four Mercury capsules 
still are to be delivered to the agency 
by McDonnell Aircraft Corp. Webb 
said they would be kept in case chang- 
ing conditions in the Gemini program 
make another Mercury flight desirable. 
There have been suggestions that the 
capsules be used for animal flights. 
Webb said Atlas boosters on order for 
the Mercury program could be diverted 
to other NASA launch activities. 

Most of the top Manned Spacecraft 
Center officials and six of the seven 
Mercury astronauts made a determined 
effort to convince President Kennedy 
and members of the congressional space 
committees that an MA-10 flight would 
be desirable. 

Advocates of an open-end mission in 
October said it would provide new in- 
formation on food-handling and eating. 


waste disposal, power consumption and 
the effects of extended weightlessness. 
They also cited the problem of main- 
taining readiness of flight and support 
crews during the 18-month period be- 
tween USAF Maj. Gordon Cooper's 
22-orbit flight and the first manned 
Gemini mission. 

Webb and most of the top officials in 
the NASA manned flight hierarchy 
were opposed to another Mercury flight 
on grounds that it would drain money, 
manpower and time from the develop- 
ment of the Saturn 3 booster and 
Apollo spacecraft development. 

Webb’s announcement brought to a 
close one of the most remarkable re- 
search and development programs ever 
undertaken by the U.S. It was the 
nation's first manned space flight, car- 
ried out for the most part as the quick- 
est and most expedient way to answer 
the Soviet space challenge. 

Project Mercury was initiated in 
October, 1958, shortly after NASA 
was created from the National Advisory 
Committee for Aeronautics. The project 
was little more than a concept developed 
by engineers at NACA’s Langley Re- 
search Center. The only booster readily 
available was the Atlas, and even this 
had to be modified. In addition, the 
thrust of the Atlas severely restricted 
the size of the spacecraft. 

Development of the spacecraft by 
McDonnell proceeded swiftly, but 
launch failures in the Little Joe, Big 
Joe and Mercury-Redstone in 1960 
caused a great deal of concern over the 
progress of the program. The pall deep- 
ened when, before the U. S. had made 
its first suborbital Mercury flight, the 
Soviet Union on Apr.’ 12, 1961, 
launched Cosmonaut Maj. Yuri Ga- 
garin on a one-orbit flight in a Vostok 
spacecraft weighing more than five tons. 

U. S. confidence in the Mercury pro- 
gram rose somewhat on May 5, 1961, 
with Cdr. Allen Shepard’s suborbital 
flight. First orbital flight— an empty 
Mercury spacecraft with a mechanical 
crewman, to simulate demands on the 
life support equipment— did not occur 
until Sept. 13, 1961. On Nov. 29, 
1961, Enos, a chimpanzee, was launched 
and recovered after a single-orbit flight. 

First manned orbital flight with Col. 
John Glenn at the controls was launched 
on Feb. 20, 1962 (AW Feb. 26, p. 26). 
Col. Glenn completed three orbits of 
the earth in his MA-6 spacecraft, ac- 
complishing and surpassing the original 
goals of the Mercury program to de- 
termine whether space flight would 
damage the human system and whether 
man could perfonn useful functions 
during extended periods of weight- 
lessness. 
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Mars Has Flat Areas, Soviets Report 

Moscow-Soviet Union says its radar probing of Mars (AW June 10. p. 30), car- 
ried out last February, revealed there arc flat horizontal sections several kilometers or 
more in size on the planet's surface. ^ 

the planet was in opposition, about 100 to 101 million kilometers from earth, 
according to Vladimir Kotclnikov, director of Radio Engineering and Electronics 
Institute of the USSR Acadeniv of Sciences. 

Writing in Pravda. Kotclnikov said the fact that there was a reflected signal width 
which did not exceed four cycles indicated that on the surface of Mars there are 
flat horizontal sections. For a’rctum signal from Mars, the full width of the reflected 
signal could reach 2,200 cycles. 

It took over eleven minutes for radio signal to travel from earth to Mars and 
back again, according to Kotclnikov. Area of the planet probed was in the northern 
hemisphere with arcagraphical coordinates of from 14 deg. 30 min. to 14 deg. 
latitude, and from 320 to 360 deg. as well as from zero to 140 deg. longitude. 
Astronomic il maps of Mars show this region corresponds to lighter parts of the 
planet's surface, known provisionally as continents. In the meantime. Soviet press 
has been silent on whether radio contact has been resumed with the Mars-1 probe. 


Holmes Resigns, Refuses Curb 
On Manned Flight Authority 


By Alfred P. Alibrando 

Washington— D. Braincrd Holmes, 
director of the nation's civilian manned 
space program— including the $20-bil- 
lion Apollo manned lunar landing proj- 
ect-resigned last week rather than re- 
linquish any of the broad responsibility 
or decision-making authority he as- 
sumed when he took charge of the pro- 
gram two years ago. 

Announcement of Holmes’ resigna- 
tion was made by James E. Webb, ad- 
ministrator of the National Aeronautics 
and Space Administration. The an- 
nouncement came in a news release 
written and edited largely by Webb. It 
began with the announcement that the 
Mercury program would be ended-a 
fact which Webb disclosed several 
hours earlier in an appearance before 
the Senate space committee (see p. 36). 
In the fourth paragraph, the statement 
said that NASA’s manned flight pro- 
gram would be realigned to permit . . 

The announcement came as a sur- 
prise to many top NASA officials and 
members of congressional space com- 
mittees. Holmes was respected and 
liked by President Kennedy and mem- 
bers of Congress, who had confidence 
in his ability to manage and direct 
NASA's manned flight program. 

"I hate to see him go,” said Rep. 
Olin E. Teague (D.-Tex.), chairman of 
the House manned space Bight subcom- 
mittee. "If I were running NASA, I 
don't think I would let him get away.” 

Sen. Clinton Anderson and other 
members of the Senate space commit- 
tee said they shared Rep. Teague’s feel- 


ing. but understood Holmes was leaving 



for personal— including financial— rea- 
sons. and that he "wanted to get back 
to industry." lie said there had been 

manned flight program but that they 
did not lead him to resign. 

“They were the kind of frustrations 
and problems one has in running any 
big program of this sort." he said. 

Holmes came to NASA on Nov. 1. 
1961. from the Radio Corp. of America. 
He was general manager of RCA's Ma- 
jor Defense Systems Div. and project 
manager for the development and con- 
struction of the ballistic missile earlv 
warning system (BMFAVS). 

When Holmes was chosen to direct 
the manned lunar landing program. 
Webb said the selection was made on 
the basis of his experience in running 
big programs and assuming responsibil- 
ity where strong direction was needed. 

Reorganization of NASA under four 
headquarters program chiefs in Septem- 
ber. 1961, gave Holmes a strong posi- 
tion from which to manage the Apollo 
program. He was made director of the 
Office of Manned Space Flight and was 
“responsible for direct program super- 
vision of the manned space flight activi- 
ties at NASA centers and in industry.” 
He also was named a deputy associate 
administrator, which gave him charge 
of institutional and operational matters 
at the Manned Spacecraft Center, Mar- 
shall Space Flight Center and the 
Launch Operations Center at Cape 
Canaveral. 

A NASA official familiar with the 
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discussions which led to Holmes’ deci- 
sion to resign said: "There had been 
some trouble in establishing a work- 
able structure" which would have per- 
mitted Dr. Robert C. Seamans, Jr., as- 
sociate administrator, to function as 
general manager of the agency in 
manned flight matters as well as in the 
affairs of the other NASA offices. 

In the reorganization or reorientation 
of NASA management, which Holmes 
said he is willing to help accomplish 
before he leaves the agency in October, 
the director of the Office of Manned 
Space Flight will have no more author- 
ity or responsibility than the director of 
the other three NASA technical offices. 

It also is likely that the manned 
flight director will deal with the NASA 
field centers through Dr. Seamans. 

Behind Holmes' resignation, and 
Webb's decision to reduce the author- 
ity and responsibility of the manned 
flight director, is a series of clashes in 
which Holmes fought for his programs 
and in which Seamans and Webb re- 
versed him in the interests of other 
programs. 

The most noteworthy was the differ- 
ence of opinion last fall over the need 
for a supplemental appropriation to 
keep the Gemini program going at a 
fast pace. Webb would not permit 
Holmes to seek this because of the Ad- 
ministration's desire to keep down the 
Fiscal 1962 deficit. 

Holmes said these differences of opin- 
ion did not result in his decision to re- 
sign. The NASA official who described 
to Aviation Week & Space Tecii- 
noi.ocy the plan to give Seamans more 
direct control over manned flight said 
this may be the case, but that Holmes 
and Webb “agreed amiably that they 
could not go along for several years in 
Gemini and Apollo with the present 
organizational structure or under the 
change proposed by Mr. Webb.” 

Holmes said lie felt he had honored 
his original commitment to serve “two 
years or more." He said he has not 
decided what lie will do when he leaves 
NASA. 

On June 1 3, the day following the 
announcement of Holmes’ resignation, 
George M. Low, a Holmes deputy, 
accompanied Seamans to the Senate 
space committee's hearings on the 
NASA authorization bill. During simi- 
lar hearings before the House space 
committee. Seamans was accompanied 
by Holmes. 

Low is a long-time NASA employe 
who had responsibility for Mercury di- 
rection in headquarters before the 
NASA reorganization in 1961, and is 
believed to Ire a logical choice to suc- 
ceed Holmes. He is widely respected 
in the agency and industry. Low prob- 
ably could work comfortably in the 
kind of organizational setup Webb 
wants to establish. 
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Half of Midas Spending Viewed as Waste 


Washington— About half of the $423 
million spent through Fiscal 1963 on 
the Midas satellite program has been 
wasted, in the opinion of Dr. Harold 
Brown, director of defense research and 
engineering. 

He told the House Appropriations 
Defense Subcommittee in testimony re- 
leased June 16 that the money was 
wasted on "premature system-oriented 
hardware.” The USAF-Lockheed Midas 
project is an attempt to equip satellites 
with infrared sensors capable of detect- 
ing missiles during launch (AW Sept. 
24, p. 54). USAF requested $190 mil- 
lion more for Fiscal 1964 to make 
Midas operational, but Defense Secre- 
tary Robert S. McNamara approved 
only $35 million on Brown’s recom- 
mendation. 

Brown said the Midas program has 
been severely cut back because "the 
way the program was going, it would 
never produce a reliable, dependable 
system. . . . What could happen is that 
within a year or two reorientation of 
the program may result in obtaining the 
basic information which will then en- 
able us to go to some other system. . . . 
It would be a very different system from 
the one originally proposed.” 

Data Gain 

Tire other half of the $423 million. 
Brown said, has been spent "on gaining 
data which are quite necessary for any 
system of this kind that we may de- 
velop in the future, and half is not 
going to be applicable." He said that 
Aerospace Corp. is now directing the 
program, but that Lockheed is still the 
project contractor because of the know- 
how it has acquired to date. Brown said 
this additional technological supervision 
by Aerospace, "plus the new attitude of 
the Air Force gives me, not great con- 
fidence, but reasonable confidence” 
about the future success of the pro- 
gram. 

Subcommittee Chairman George II. 
Mahon (D.-Tcx.) questioned letting 
Lockheed remain on the project. "The 
company has failed to perfect this de- 
vice. ... To go back to a company 
that has failed and to an organization 
that has failed, and to people who have 
failed to solve this problem, seems to 
be somewhat questionable,” he said. 

When asked by subcommittee mem- 
bers why it had cost so much to find 
out the shortcomings of Midas, Brown 
replied that each Atlas-Agcna launch 
had cost between $10 and SI 5 million, 
for a total expenditure of about S100 
million. He said part of the reason for 
the program's failure was that "the re- 
quirements that were set were too strin- 
gent considering how much we knew. 


We didn’t know enough to be able to 
go for a system as complicated and de- 
manding as the requirements which 

Rep. Mahon and Brown differed over 
the importance of the extra 10 min. 
warning of a missile attack that would 
be provided by a perfected Midas. This 
was the exchange: 

Rep. Mahon. It seems to me, Dr. 
Brown, that to some extent you have 
sold this idea short. It seems to me 
when we undertook (blank) there was 
hardly anything of greater urgency than 
it was. In other words, we wanted the 
earliest possible warning of a ballistic 
missile attack. We were told that 
(blank) would discover the launch, not 
when the weapon was in the air and 
headed toward us, but the very launch- 
ing of it. Since we must depend upon 
minutes, if not seconds, to react in 
some way. this is of the greatest 
urgency. So, to some extent, if you 
wish, you can argue that here was a 
case where concurrency was worth try- 
ing, and that this money which was put 
into the deployment aspect of this 
weapon, while actually wasted, could 
not by any stretch of the imagination 
have been foreseen at the time that it 
would be wasted. 

Brown. I think that is a reasonable 
point of view, and I agree with it. 
Nevertheless, it does now appear to 
have been wasted, and it is for a 
number of reasons. The time, the extra 
10 min. which seemed very important 
and still seems important to some 
people, seems less important to me 



and less important to Mr. McNamara, 
because as you go to an increasing frac- 
tion of your capability in missiles which 
can ride out the attack, you are less 
likely to be completely surprised and 
wiped out. In other words, the extra 
10 min. was particularly useful for get- 
ting airplanes off the ground. That was 
very important. It is still important, 
but it is not quite so important now 
when we have a substantial missile force 
as well. 

Rep. Mahon . . . You seem to down- 
grade the importance of the 10 min. 
of warning because, you say, we are 
relying more upon missiles and less 
upon airplanes, and we have these mis- 
siles to some extent invulnerable or 
hardened considerably, and the 10 min. 
are not so important. But the 10 min. 
are important to the saving, probably, 
of tens of millions of lives in connection 
with shelters and the safety and secur- 
ity of our people. I do not think you 
can very' well overestimate the impor- 
tance of this extra 10 min. if you can 
get it. 

Brown. I think there is a matter of 
judgment here. A number of people, 
both in the Air Force and on my own 
staff, feel this is quite important to 
civil defense and to preserving the 
command structure as well. The studies 
that I have seen that look in detail at 
what people would do with the extra 
time do not support that, in my view. 
That is, the difference between what 
you do with 10 min. warning, 20 min., 
15 min. or 25 min., is really not that 
great, I think. But I agree that this is 
a matter of judgment, and different 
people can have different judgments. 
Time Element 

When I look at what you can do to 
preserve the command structure with 
this extra 10 min., what you can do 
to get more people into shelters and 
what you can do to take airplanes off 
so they arc not caught on the ground, 
the last one seems to be much the most 
important. 

The full subcommittee discussion of 
the Midas program was heavily cen- 
sored, even to leaving blanks where the 
name Midas was used. Also, the Air 
Force defense of charges that money 
was wasted was stricken from the public 
record. It was clear despite the dele- 
tion of the project name from the 
record that the Midas was under dis- 
cussion. 

At one point Chairman Mahon said 
the experience with the project re- 
minded him of the line in literature. 
"He Midas-like, turned all to gold." 
Rep. Mahon added: "It appears to me 
we have been using a lot of gold." 
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Shrike Mounting on Skyhawk Shown 


Navy Shrike air-to-surfacc missile is shown suspended from a pylon under the wing of a 
Douglas A4D Skyhawk. The weapon is designed to have a homing capability- against radar 
and other electromagnetic emission installations. Texas Instruments is the prime contrac- 
tor for the missile, which is being produced for Navy’s Bureau of Weapons. 

News Digest 


Japanese to Re-studv 
U.S. Sage Systems 

Tokyo— Japanese Self-Defense Agency 
is sending a second survey team to the 
U. S. this week to study small-scale 
Sage systems proposed by Litton. 
Hughes and General Electric for Japan's 
carlv warning and air defense control 
system (AW Apr. 15, p. 31). 

Kenjiro Shiga, director of the De- 
fense Agency, ordered the survey be- 
cause of the agency's inability to decide 
which system to buy. Award of the 
contract had been expected as early as 
last week, but final decision now is not 
expected before early July. The pro- 
gram to modernize Japan’s air defense 
svstcin has been under studv since 
1959. 

Takeshi Matsuda, chief of the Air 
Staff, favors the Litton system, but 
civilian bureau chiefs favor the Hughes 
system, which is S10 million cheaper. 
They argue that the SDA could pur- 
chase eight more F-104s or two destroy- 
ers with the difference. 

There is some apprehension within 
SDA. however, that development of the 

by the U. S., may not he completed in 
time, Japanese arc concerned that sys- 
tems problems may remain which will 
have to be solved after delivery. 

GE seems to be out of the compe- 
tition because its price. $57 million, is 
higher than the nominal $50.83 million 
Japanese budget. Costs of the Litton 
and Hughes systems arc S47 million 
and $37 million respectively. 

Storm Area Photos 
By Tiros 7 Planned 

Wasliington-Tiros 7 meteorological 
satellite is scheduled for launch from 
the Atlantic Missile Range this week, 
in time to permit the satellite to obtain 
earth cloud cover pictures over hurri- 
cane- and typhoon-forming areas during 
the forthcoming tropical storm season. 

If the launch is successful, it will 
set a new record: seven successful Tiros 
launches in seven attempts, and 18 
straight successful launches for the 
three-stage Douglas Thor-Delta booster. 

National Aeronautics and Space Ad- 
ministration said Tiros 7 is to be 
launched into a 400-mi. orbit at an 
inclination of 58 deg. to the equator. 
The 297-lb. satellite will carry two 
cameras with wide-angle- 104 deg.— 
Elgest lenses. The cameras will cover 
a large area-about 750 mi. on a side- 
when the satellite is pointed straight 
down. Tiros 7 also will carry two infra- 
red experiments to measure the earth’s 
heat balance and an electron tempera- 
ture and density probe, the first such 
experiment to be carried on a Tiros. 


Vickcrs-Annstrongs last week told 
Northeast Airlines it would repossess 
Northeast's fleet of 11 Viscount turbo- 
prop transports unless the carrier made 
immediate arrangements to pay the 
approximately $7 million it owes the 
manufacturer. The Vickers announce- 
ment came during oral arguments be- 
fore the Civil Aeronautics Board on re- 
newal of Northeast’s vital Florida routes 
(AW June 3, p. 37), and underscored 
the airline's dire financial plight. 

Ford Aeronutronic Div. has been 
awarded a $99,512 contract to study 
the requirements for a Mars excursion 
module to ferry crew members between 
a command module orbiting the planet 
and the surface of Mars. The study con- 
tract was awarded by the Manned 
Spacecraft Center in Houston. 

Indian government is considering 
dropping its program to manufacture 
the Avro 74S in favor of building the 
de Havilland Caribou 2. turboprop 
utility transport. Caribou’s better high- 
altitude capability for operations in 
mountain areas is a major factor in its 
favor. Licensed manufacture of Avro 
748s was a favored plan of former 
Indian Defense Minister Krishna 
Menon. 

Grumman Aircraft Engineering Corp. 
has received $89.9-million in additional 
funds from Navy’s BuWeps for A-6A 
Intruder subsonic strike aircraft. Fund- 


ing converts a letter contract to a defi- 
nitive contract. Previous A-6A contracts 
total $30 million. 

Sikorsky S-61 heavy turbine-powered 
helicopter will be offered for sale out- 
side the U. S. with a Bristol Siddclcy 
Gnome powerplant package as replace- 
ment for standard unit of two 1,250 
shp. General Electric CT5S-110-1 shaft 
turbine engines. West Germany is seri- 
ously considering an order for S-61 
(AW June 10. p. 96). Gnome engine 
package will be shipped to the U.S. 
next year for installation in an S-61 
airframe. 

Space Technology Laboratories, Inc., 
Redondo Beach, Calif., has been se- 
lected to build four Pioneer interplane- 
tary spacecraft for the National Aero- 
nautics and Space Administration, at a 
cost of about $15 million. Launch of 
the first 100-lb. satellite is scheduled for 
early 1965 on a Douglas Thor-Delta 
rocket. Purpose of the flight, part of 
the U. S. participation in the Year of 
the Quiet Sun, is to gather information 
on the effects of solar activity on the 
interplanetary environment. 

Total of 24 computer manufacturers 
have been invited by USAF Electronic 
Systems Div. to submit proposals for 
installation of electronic data processing 
systems to be used in base inventory 
control at 152 Air Force bases through- 
out the world. 
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AIR TRANSPORT 


U.S. Participation in Concorde Proposed 


Time lag, American SST program cost may lead 
Kennedy to approve joining in Anglo-French effort. 

Bv L. L. Doty 

Washington— Surprise move to bring the U.S. into the Concorde super- 
sonic transport program is making strong headway. 

The plan, developed in less than one week, was to reach top governmental 
levels late last week. It must have the approval of President Kennedy, French 
President De Gaulle and British Prime Minister Macmillan before it can be • 
moved into an operational phase. The idea is known to have strong support 
of British and French government officials, and it is highly possible that the 
substantial costs of undertaking a supersonic transport program as a single- 
nation project (AW June 10. p. 40) will force U.S. Concorde participation. 

If the plan is approved by the U. S.— 


and the likelihood is strong-quick 
plementation of the program can be 
expected. The British and French are 
determined to build the Concorde at 
all costs, since the supersonic project is 
viewed as a major means of saving the 
aircraft firms of both countries from 
becoming second-rate industries. 

Both countries are fearful of U.S. 
competition in the supersonic field, 
since a successful U.S. aircraft would 
deprive them of the lucrative U. S. mar- 
ket. One of the escape clauses in the 
Pan American World Airways contract 
with Sud and British Aircraft Corp. for 
the purchase of six Concordes provides 
that the carrier will be released from 
contractual obligations if the U. S. de- 
cides to build a supersonic transport. 

The U.S. government is convinced 
it must build a supersonic transport 
aircraft if the nation's aircraft industry 
is to retain its prestige and remain com- 
petitive with foreign manufacturers. 
But it now appears that the construc- 
tion of a supersonic transport capable 
of speeds above Mach 2.2 may prove 
economically unfeasible, and the U. S. 
has a virtual mandate from the Presi- 
dent that the program is to be aban- 
doned if it is found that the proposed 
aircraft cannot be built at a practical 
cost and operate profitably. 

Thus, it is very possible that the 
U. S., if it decides to build an aircraft, 
may be forced to stay within the Mach 
2.2 limitations, or in the same speed 
range as that of the Concorde. In such 
an event, the British and French will 
have a strong competitive edge over the 
U.S., since the development of the 
Concorde is already about two vears 
ahead of any possible U. S. effort. 

None of the three governments can 
be expected to view a duplicate pro- 
duction of a costly airplane aimed at a 


limited market as practical. In addi- 
tion, the British and French are deeply 
concerned that the U. S. may draw in- 
valuable experience from the North 
American RS-70 reconnaissance-strike 
bomber program, which will provide 
U. S. aeronautical engineers with a 
more sophisticated knowledge of super- 
sonic operations and enable them to 
build a better transport. 

The British and French are working 
in close cooperation on the Concorde 
project, and are not allowing the cur- 
rent friction that exists between the two 
countries to interfere with that cooper- 
ation. The approach to Pan American 
for the Concorde was made by Sud, 
with the full knowledge of BAC. 


Lockheed SST Claim 

Lockheed Aircraft Corp. official said 

last week that his firm 


2,000-mpb. supersonic 

ransport and fly 
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go-ahead were 
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The contract between Pan American 
and the two European manufacturers 
is lenient and escape clauses are innu- 
merable. Cancellation penalties are 
slight: $750,000 maximum, $50,000 
minimum. Technical and performance 
data are not covered in detail. 

Announcement of the contract trig- 
gered renewed congressional interest in 
the U. S. supersonic transport program, 
promptly led to the birth of the tripar- 
tite plan and re-emphasized the fact 
that the U. S. program had been allowed 
to lag. It was because of this last point 
that Federal Aviation Agency Adminis- 
trator N. E. Halaby called on Pan 
American President Juan T. Trippe in 
attempts to dissuade him from ordering 
the Concorde and, later, to urge him to 
withhold the order announcement (AW 
June 10, p. 40). 

Strongest force behind the U. S. 
program has been Vice President Lyn- 
don B. Johnson, who not only wants to 
put the project into action but would 
prefer to see the U. S. undertake a 
Mach 2.2-plus program. 

Chances are strong that no matter 
who builds the aircraft. Pan American 
will abide by the contract with Sud 
and BAC if the Concorde meets all 
technical standards. Neither Air France 
nor British Overseas Airways has placed 
an order for the aircraft yet-BOAC 
officials state they want more technical 
data— but both nationalized carriers will 
be obligated to participate in a program 
sponsored by their governments. 

Principal congressional objections to 
the Pan American contract have cen- 
tered on the need for a U. S. carrier to 
go abroad for its equipment require- 
ments, and the possible effect the pur- 
chase of foreign aircraft will have upon 
the balance of payments problem. On 
the other hand, the estimated SI billion 
needed to underwrite the program will 
probably meet stiff opposition by a 
budget-conscious Congress. 

The tripartite program would tend 
to ease these problems since the U.S., 
as a participant, will share in the re- 
turns and the aircraft will carry the 
stamp of U. S. engineering. Necessary 
appropriations, of course, will be sub- 
stantially less than required should the 
U. S. move on its own. 

Meanwhile, Boeing Co. and Lock- 
heed Aircraft Corp. presented technical 
progress reports on supersonic transport 
studies to National Aeronautics and 
Space Administration last week. Both 
companies are engaged in analysis of 
four concepts for a supersonic transport. 
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New York Airways Seeking IFR Approval 


New York— First certification of a scheduled helicopter airline for instru- 
ment flight rule (IFR) operations is the aim of a flight test program now under 
wav bv New York Airways and the Federal Aviation Agencv (AW May 1 5, 
p. 38). 

Tire carrier hopes that certification can be obtained by late summer, prior 
to the marginal-weather winter months. New York Airways canceled 19% 
of its schedules because of weather in the past winter. Spokesmen say weather 


cancellations could have been held to 

Lack of IFR capability has been a 
major handicap in the three U. S. 
scheduled helicopter airlines' uphill 
struggle for financial stability. FAA 
spokesmen say they hope to obtain 
through the New York Airways pro- 
gram a more thorough evaluation of 
just what criteria arc required for heli- 
copter IFR operations. 

FAA team, headed by Christian B. 
Walk, Jr., chief of the Eastern Region 
flight standards division, is directing the 
flight test program, which was pro- 
posed by New York Airways. 

First Step 

First step is a three-week certification 
of the Boeing Vertol 107 helicopter 
for IFR conditions. Next Will be a 50- 
day evaluation of the Dccca flight track 
monitor, New York Airways' primary 
navigation aid. The tests will conclude 
with certification of the carrier's 23 
pilots for instrument flight. 

John E. Gallagher, vice president of 
the airline, said that the carrier has 
been preparing for IFR certification 


3% under IFR operations. 


since 195S. All of its pilots hold stand- 
ard aircraft instrument ratings, and New 
York Airwavs has been practicing simu- 
lated IFR flights “under the hood" on 
its established routes. 

Officials anticipate few problems in 
certifying the pilots and the V-107, but 
closer attention will be directed toward 
the British-made Dccca Mark 8A navi- 
gation system. 

Dccca flight track monitor is tech- 
nically defined as a short-to-medium 
range low-frequency hyperbolic area 
coverage system. Its primary advan- 
tage is that a needle traces the aircraft's 
progress on a map installed in front of 
the pilot. New York Airways' experi- 
ence has shown the svstem to be accu- 
rate within margins of less than 30 fl. 

A single Dccca unit was first installed 
on the carrier's piston-powered Vertol 
44 helicopters, and 3,000 hr. were 
logged with it. Dual installations are 
used now on the four V-107s, with al- 
most 4,000 hr. apiece accumulated. 
Counting the time for each of the two 


units on the V-107s, New York Air- 
wavs has logged approximately 11,000 
hr. on Dccca. 

“Despite this being a relatively new 

failure,” Gallagher said. “It is under- 
going modifications now that will sub- 
stantially improve reliability.” 

Last October, the airline was record- 
ing one malfunction during each 22 hr. 
of operation with the Dccca system. 
The problem was traced to a high rate 
of failures hi the mechanical circuit 
relays on the system's analog computer. 

Dccca is now changing ov er to a com- 
pletely transistorized computer, elim- 
inating the mechanical units. Gallagher 
said this should bring reliability well 

turns, even with the mechanical units, 
have been reduced to one every 63 hr. 

"Dccca is particularly important to 
our type of operation because it oper- 
ates on low frequency,” Gallagher said. 
Reliability of Reception 

Low-frequency signals arc effective 
down to ground level in all areas, even 
in the canycn-likc vicinity of New 
York's Wall Street heliport. A ques- 
tion exists on the reliability of recep- 
tion in such an area from a very-high 
frequence onmi directional range 
(VOR), ‘ which transmits on line-of- 
sight. 

The Dccca system takes its signals 
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When he carries an umbrella, carry an umbrella. 


This is our man in charge of know- 
ing if it's going to rain. 

And to give you an idea of how ac- 
curate he is, he can tell you when a 
300 foot ceiling will change to 500. 

Of course, cutting it this fine takes 
a little doing. 

Every 6 hours (every hour for sus- 


picious areas), we make up new maps 
for sky condition, ceiling, tempera- 
ture, dew point, precipitation and 
barometric pressure from 700 differ- 
ent Weather Bureau station reports. 

Which means we not only know the 
weather your flight will fly through, 
but also the weather that will 


round it for thousands of miles. 

It might also interest you to know 
that we have 49 men in meteorology 
—and everyone either has a degree 
in it or grew up with the field. 30 have 
been with us over 15 years. 

And when they carry umbrellas, we 
all carry umbrellas. 


(aWaJ 



from a master station and three slave 
transmitters positioned in a triangular 
pattern, each approximately 70 mi. 
from the master. The master used by 
New York Airways is at Yorktown 
Heights, N. Y. Slaves are designated 
by color, with the red station at Yap- 
hank. N. Y., the purple at Red Hook. 
N. Y., and the green at Newton, N. J. 
The signals form a hyperbolic grid pat- 
tern. with about 2,800 ft. between the 
parallel grid lines. 

Visual read-out is backed up by Dc- 
cometer dials, which take bearings off 
the stations and provide the pilot with 
a cross-check on his needle trace. 

New York Airways hopes that the 
Dccea system will prove acceptable for 
IFR operations to minimums of 100-ft. 
ceiling and i-mi. horizontal visibility. 
However, sources close to the program 
feel such minimums are unlikely for 
initial IFR certification, and that the 
most that can be hoped for arc 200-ft. 
ceiling restriction. 

Second Evaluation 

The current program is the second 
in which FAA has evaluated Decca for 
helicopter operations. 

In the first, with the single-installa- 
tion on the V-44s, FAA judged the 
svstem unsatisfactory (AW Feb. 22, 
1960. p. 43). 

New York Airways hopes that the 
dual units on the V-107s, the improved 
operational reliability and the addi- 
tional experience gained since the first 
evaluation will make the system more 
impressive in the current trials. 

There is little chance that it will be 
approved as an exclusive navigation aid. 
Although used extensively abroad by 
fixed-wing operators like British Euro- 
pean Airways, Decca has not been 
adopted as a primary navigation aid by 
the International Civil Aviation Or- 
ganization, as has VOR. Spokesmen 
within the FAA say that if New York 
Airways is certificated to operate IFR, 
a VOR installation probably will also 
be required. 

Regardless of the problems posed bv 
the use of VOR in such areas as Wall 
Street and the proposed Pan Am Build- 
ing rooftop heliport (AW May 27. p. 
36), FAA officials stress that it could be 
important for operations at the city’s 
major airports, LaGuardia, Idlevvild and 
Newark. 

Two items not yet installed on the 
V-107s, and which Gallagher feels are 
essential for the ultimate in IFR op- 
erations, are an autopilot and a precise 
blind-landing aid. 

The Lear model L5-H, modified for 
helicopter use. appears to be working 
out well as an autopilot. Gallagher said. 
Controls and some of the wiring for 
installation of such a unit are already 
available on the V-107. 

The airline has expressed interest in 


a landing aid proposed by Airborne 
Instruments Laboratory. Operating on 
microwave signals, the unit is now in 
the research and development stage. It 
is designed to provide selective ap- 
proach angles in the 6- to 20-deg. 
realm, believed most appropriate for 
rotary-wing aircraft. Light tests have 
been made with the unit at Langley 
Field. Va.. and in France, where auto- 
pilot coupled descents were made down 
to 50 ft. 

Another key item needed for effec- 
tive IFR operations is a de-icing system 
for the V-107s. The fifth aircraft, 
scheduled for delivery shortly to New 
York Airways, was used in anti-icing 
tests at the Royal Canadian Air Force 
test installation near Ontario. The 
tests showed that blade icing is the 
most critical consideration. 

These tests showed that the blades 
have self-shedding capability down to 
25F. Gallagher said. For de-icing 
below this level, the blades were 
equipped with a seven-wire impregnated 
plastic shield, electrically heated for de- 
icing. To power the de-icers, the 
V-I07's electrical power output must 
be doubled. This requires larger gen- 

“Wc’d like to have this installed on 
the helicopters by this winter, but 
there’s no provision for it yet in our 
economic forecast,” Gallagher said. 


The carrier’s V-107s came equipped 
with anti-icing for the windshield, pitot 
tubes and engine inlets, although a sys- 
tem has not been developed for de- 
icing the screens protecting the engine 
intakes against ingestion. 

The helicopters also have Vertol’s 
stability augmentation system, consid- 
ered an essential item for IFR opera- 
tions because it automatically provides 
aircraft stability. 

Full Demonstration 

New York Airways' Right test pro- 
gram calls for full demonstration of 
IFR capabilities for the V-107 and its 
pilots. The aircraft will be flown at 
speeds down to 50 kt. Its normal 
cruise speed is 135 kt. Tests will in- 
clude a demonstrated 150 ft./min. 
climb capability 1,000 ft. above the 
takeoff site with one engine inopera- 
tive. Pilots must also show their ability 
to handle the aircraft with the stability 
augmentation system inoperative. 

Gallagher said all IFR tests to date 
had been “under the hood," but that 
the program calls for flight under actual 
instrument conditions. 

"We’re shooting for full IFR certifi- 
cation. because that is the only way we 
can assure schedule reliability," Gal- 
lagher said. “Anything less than com- 
plete instrument capability just won’t 
do the job.” 
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THE NEW CARAVELLE 


WILL YOU TAKE 4 MINUTES TO CHECK WHAT IT TOOK US 
4 YEARS TO PERFECT? 

Caravelle offers these seven basic advantages to airlines. ..each proven through four 
years more actual experience than any competitor can claim: 

• Operational Flexibility • Optimum Capacity 

• Outstanding Passenger Acceptance • Economy 

• Schedule Reliability with • Excellent Service Support 

A “Proven" Airplane • Early Delivery 

And Caravelle has been improved through the years... the new Caravelle is four years 
ahead of its times. 

The ease of installation of the Pratt & Whitney front fan or General Electric aft fan 
engine on an airline proven air frame has resulted in airplanes of unsurpassed 
economy, reliability, safety and operational flexibility, the: 

MODEL 10B-1 SUPER A SUPER B 

SLID -AVI ATI ON 

SUD-AVIATION / SUD AVIATION CORPORATION 

37 Boulevard de Montmorency 633 Third Avenue 

Paris 16, France New York 17, New York 



Major IJ. S. Airports — Part 1 : 


Walking Distance Main Airport Complaint 


By Robert H. Cook 

Washington-Recent 6,000-mi. sur- 
rey of eight new major hub airports by 
Aviation Week & Space Technology 
indicates that the terminals share at 
least these two conceptions about the 
needs of the passenger and how to meet 

• A fascination with the octopus-like 
"finger" construction, which can be 
extended nearly without limit as new 
gate positions are needed. 

• An apparent conviction that most 
passengers are physically qualified for 
the New Frontier’s 50-mi. Hike Club. 

The volume of passenger gripes about 
terminal walking distance, which sur- 
pass even complaints and suits growing 
out of the aircraft noise problem, will 
almost certainly force some major modi- 
fications to many of the gleaming new 

Distance Tests 

To test the magnitude of this prob- 
lem. an accurate pedometer was used 
during the survey, which covered San 
Francisco International, Oakland In- 
ternational, Los Angeles International, 
O’Hare International, New York Inter- 
national, Dulles International, Atlanta 
Municipal and Miami International Air- 

Dulles. designed from the ground up 
with the needs of the passenger fore- 
most, provides a sharp, refreshing con- 
trast to the confusion and complexity 
typical of most large airports. From 
ticket counter to waiting mobile 
lounge, walking distance seldom exceeds 


100 ft., and Dulles well may be the 
only airport in the nation where a late 
passenger can check baggage and ticket, 
purchase insurance and make a depar- 
ture. all within 4 min. 

This would certainly be impossible 
at any of the other airports surveyed, 
such as O’Harc, Idlewild, Atlanta and 
Miami, where walking distances gener- 
ally averaged J mi. To the hapless in- 
terline connecting passenger or inter- 
national arrival, this distance is often 
doubled as he charts a course through 
a bewildering maze of concourse and 
finger locations. 

The question this poses for the fu- 
ture is "just how far will the traveler 
have to walk as traffic volume grows and 
new gate positions are needed?" Last 
year. Federal Aviation Agency figures 
show that domestic traffic alone reached 
59 million passengers and a total of 
nearly 100 million are expected by 
1975. While many of the larger cities 
such as New York will probably re- 
quire additional airports, many others 
in the hub class may choose to add new 
fingers or extend further their present 
finger systems to accommodate new 
gate positions. 

Ironically, the airline industry, which 
has built a reputation for pampering 
the passenger, has also sired and nur- 
tured the present finger design construc- 
tion now causing the majority of passen- 
ger complaints. 

As a case in point, the architects for 
O’Hare Field originally recommended 
adoption of a central terminal building 
with a mobile lounge or bus-type trans- 
port to reduce the distance the passen- 


ger must walk to the aircraft. This idea, 
along with an alternate plan using a 
system of separate satellite buildings 
similar to that of Los Angeles, was re- 
jected by the carriers on grounds that 
neither design offered the necessary air- 
craft parking or operational office space. 

Dulles' use of the mobile lounge is 
being watched with more than ordinary 
interest by other airport managements, 
plagued with complaints over tenninal 
walking distance. The)' criticize the 
$237,000-pcr-lounge cost, and contend 
the concept could not cope with the 
peak traffic volumes handled at the 
larger hubs. They emphasize that 
Dulles was built by the federal govern- 
ment with taxpayers’ money, as opposed 
to a majority of airports which are being 
funded under revenue bonds, payable 
solely from airport income. 

Other Solutions 

Most observers feel these opinions 
have some validity, since Dulles’ traffic 
volume may not reach a volume high 
enough to give the lounge concept a 
real test for several years. 

However, other airport managements 
are working on other solutions to the 
walking distance problems. 

San Francisco plans an 18-month ex- 
periment using a 500-ft. moving side- 
walk to connect its present terminal 
building with a new south terminal now 
under construction. Cost of the instal- 
lation, manufactured by Stcphcns- 
Adamson Mfg. Co.. Aurora, 111., is es- 
timated at nearly S500.000. Denver is 
expected to adopt the moving sidewalk 
concept in the future. Dallas has been 



First United Air Lines Boeing 727 Flies 

First of 40 Boeing 727 thrce-jet transports ordered by United Air Lines takes off on its maiden flight at Boeing’s Seattle. Wash., factory. 
Aircraft is powered by Pratt & Whitney JT8D-1 tnrbofans which develop 14,000-lb. thmst each on takeoff. Cruise speed is 556-600 
nipli. and gross weight is 152,000 lb. Deliveries arc scheduled to begin this fall and United will put the aircraft into service in 1964. 
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using a similar system for several years. 

Western Air Lines, at Los Angeles, 
has been using a fleet of three rubber- 
tired, electric “golf cart”-type vehicles 
to transport passengers thru the 450-ft. 
tunnel connecting its terminal facilities 
with the departure satellite building. 
This service is free and may be adopted 
by several other carriers at Los An- 
geles. 

Atlanta reports that it experimented 
for five months with a similar system, 
charging 25 cents per round trip be- 
tween ticket counter and finger end. 
The project was dropped for lack of 
passenger acceptance. 

Stephcns-Adamson also has ap- 
proached most major airports to pur- 
chase either moving sidewalks or a new 
"Carveyor" system. Carveyor, suggested 
for O’Hare, utilizcs^wontinuously mov- 
ing belt, holding several small enclosed 
passenger compartments, each of which 
would be accelerated or decelerated 
automatically to allow passengers to 
board from and onto a moving sidewalk. 
Carveyor would primarily be used for 
transportation outside the terminal 
building complex, and would eliminate 
the need for the customary 25-cent 
"sputnik" bus transportation provided 
at such places as Los Angeles and Idle- 
wild. 

Purchase costs and construction prob- 
lems are the major stumbling blocks to 


these ideas for large terminals. O'Hare’s 
management points to the tentative 
cost of the San Francisco installation as 
indicative of the millions of dollars in 
new funding needed to equip its lengthy 
finger system. In addition, annual 
maintenance costs on the system were 
estimated at 5300,000. 

In almost any of the largest hubs, 
solution of the walking problem may be 
several years away, despite the fact that 
the airlines and concessions would pay 
for the improvements rather than local 

Airport managers were unanimous in 
insisting that their particular facility is 
a self-supporting operation, financed al- 
most entirely through revenue bond is- 
sues. Since they are in the nature of a 
landlord, with the only available rental 
vacancy in the neighborhood, it has not 
been generally difficult to assure that 
incoming revenues are set high enough 
to provide an adequate return for bond 
retirement. In fact, several have been 
banking large surplus profits. Oakland 
is a current exception to this pattern, 
since it is a relatively new facility en- 
gaged in a traffic battle with San Fran- 

Majority of bond money approved by 
the voters for airport expansion has al- 
ready been spent, or will be spent soon 
for such major items as runway exten- 
sions and expansion of terminal facili- 


ties, There is a strong justification for 
this type of expansion in the interests 
of both safety and revenue production. 

However, several airport managers 
pointed out that it could be difficult to 
get voter approval for anv new bond 
issue involving millions of dollars just 
to satisfy the complaints of the very 
small percentage of people who are air 
travelers in any community. 

Beyond the walking problem, the air- 
lines and airports seem to have solved 
many of passenger complaints about 
ticketing and baggage recovery. Ticket 
counters and bag cneck-in are usually 
standardized. In each counter area and 
through the lengthy fingers, closed- 
circuit television, or “tote” boards, in- 
dicate flight departure times and gates 

Baggage claim is now simplified due 
to improved aircraft unloading, plus the 
use of conveyor belts, "carousels" and 
other time-saving devices in bag claim 
areas. Pickup time usually is no more 
than 10 min. after leaving the aircraft, 
and this is usually due to the fact that 
it takes the passenger this long to walk 
through the finger to the claim area. 

the public's point of view — on what the 
nation's major air terminals are doing to 
solve the problems of the jet age, and how 
well they are succeeding.) 
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Devised and built by CSF 
Carcinotrons are still in the lead 







anew loot 

tt Mark Centory Service 

From our factory . . . to the machine-tool builder... 


Tigress Is Our Most Important Product 

GENERAL® ELECTRIC 


VALUE 



to your plant ... for the life of your control 



This is Mark Century Service: a totally new kind of service 
program for the metalworking industry that backs up every 
General Electric Mark Century numerical control system. 

Now. General Electric has a special organization of over 
100 field-based Mark Century Service Engineers to provide 
expert service unmatched in the industry. These men are 
all graduate engineers with factory training and extensive 
field experience with machine tools and numerical control. 
This is what Mark Century Service means to you: 

You want assurance that the control is thoroughly checked 

trained Mark Century Service Engineers to every major 
machine-tool builder. They know every important detail of 


that builder's machines and make sure your General Electric 
control mates perfectly. 

You want start-up in your plant handled capably and on 
time? The man we assign will be an expert on your ma- 
chine/control combination through experience and spe- 
cific training at the machine-tool builder's plant. 

You want fast and expert emergency service when you 
need it? Mark Century Service Engineers are pin-pointed 
across the country. The one who knows your system best can 
be at your plant in hours and have you on-line in a hurry. 

If you want a fine control and service to match, specify 
Mark Century ... and get new Mark Century Service. 
Specialty Control Department, Waynesboro, Virginia ras-is 



SHORTLINES 


AIRLINE OBSERVER 

► Contract to develop an advanced instrument approach and landing system 
suitable for use by supersonic transports, replacing existing ILS units in the 
1970 period, is expected to be awarded by Federal Aviation Agency before 
July. The system is to use radar techniques and operate at X-band or K„- 
band, and will include provision for independent ground-derived monitoring 
of aircraft approach. Four bidders include Airborne Instruments Laboratory, 
Bell Aerosystcms, Gilfillan Corp. and Laboratory' For Electronics. 

► American Society of Travel Agents is planning a three-pronged attack 
aimed at the elimination of pro-rata charter rates on international routes 
and. group fares. The society is discussing legal means of abolishing charter 
and group fares, retention of a special Washington, D. C., public relations 
counsel to handle the issues and a formal presentation to airline manage- 
ments on the travel agent’s importance to airline marketing development. 

► LOT Polish Airlines has made its first proving run on a new Warsaw- 
Vienna-Athens-Cairo schedule, which will begin as regular once-a-week serv- 
ice June 17. Russian-built 11-18 turboprop transports, with 75 tourist and 
12 first-class scats, plus a six-ton cargo capacity, will be used. Schedule is for 
Monday flights to Cairo with return service on Tuesday. 

► Special Air Transport Committee for National Defense has been organized 
by the Air Transport Assn, to improve effectiveness of the Civil Air Reserve 
Fleet, which consists of 342 first-line transport aircraft, about half of which 
are jets, on 36-hr. call. Committee consists of 10 top-management officials 
of U. S. scheduled airlines. 

► State Dept, last week canceled its warning against U. S. commercial air- 
craft flying over Cuba. Withdrawal of the warning, issued last November 
following the missile crisis, was based “on the fact that foreign airlines have 
overflown Cuba without incident during the past several months,” and any 
risks to the safety of U. S. operations are "minimal." 

► Aeroflot has inaugurated regular nonstop service between Moscow and 
Damascus with 11-18 turboprop transports. Scheduled time for the weekly 
flights on the 1,800-mi. run is 5 hr. The Moscow-Damascus service is 
Aeroflot's 30th international route. 

► Pan American World Airways’ order of eight Boeing 707-321C turbofan 
cargo aircraft may lead to the industry’s first mass breakthrough in high-vol- 
ume cargo shipping. Last year the airline received 10,000 domestic and for- 
eign inquiries concerning the effect the new turbofans will have on delivery 
times and lower cargo rates. Pan American now has three 321C.S and will get 
the balance by next May. It is concentrating marketing efforts on the 
shipment of specific commodity items. Sufficient volume could lower present 
rates by 50%, the airline estimates. 

► Labor Dept, achieved its first success in the voluntary arbitration of labor 
disputes last week when Pan American signed agreements with the Flight 
Engineers International Assn, and the United Plant Guard Workers of 
America. Three-year agreements assure that neither union will strike Pan 
American, and will accept voluntary arbitration after attempts at mediation 
have failed. Agreement with FEIA docs not cover crew complement issue, 
which has already been settled. Labor Dept, has already offered the same 
plan to other unions and is approaching other airlines. Likclv prospect is 
Trans World Airlines, where pilots have been pressing for a reduction in 
monthly flight times. 

►Bonanza Air Lines has made an abrupt departure from standard airline 
advertising practices by emphasizing safety, and promoting industry sendees 
generally rather than Bonanza specifically. First billboard to reflect the 
revised advertising concept reads: “Don’t Drive-It's SAFER to FLY, and 
Often Cheaper— Use Your Scheduled Airlines." Three other local airlines 
have indicated they will adopt similar advertising, because no industry-wide 
action has been initiated by Assn, of Local Transport Airlines. 


► Aeroflot has increased its total num- 
ber of scheduled flights to about 1,200 
daily— a record number for the Soviet 
airline monopoly. Over 600 of the 
flights are made with jet or turboprop 

► British Overseas Airways Corp. has 
reported an 83% increase in passenger 
traffic on the New York-Bemiuda route 
in the two-month period ended May 
31, compared with the same two 
months last year. 

► Federal Aviation Agency has approved 
lower landing limits for Pan American 
World Airways at Baltimore, Philadel- 
phia, Detroit, Chicago and San Fran- 
cisco. With a Sperry flight director 
providing pitch and roll control, the 
aircraft are being permitted to land on 
the basis of a runwav visual range of 
2,600 ft. 

► Flying Tiger Line showed a 20% in- 
crease in air freight revenues in April, 
compared with the same period last 
year. For the first four months of 1963, 
freight revenues totaled S3.5 million, a 
16% increase over last year. 

► Iberia Air Lines of Spain has opened 
a new direct route between London 
and Valencia. 

► National Airlines has flown more than 
one billion revenue passenger miles on 
the southern transcontinental route 
since its inception in June, 1961 (AW 
May 6, p. 42). The carrier now operates 
six daily Douglas DC-8 round-trip 
flights on the coast-to-coast route. 

► Slick Corp. last week received an S8.8- 
million contract from Military Air 
Transport Service for operation of do- 
mestic air sendees within the U. S. 

► Trans World Airlines continued to 
show marked improvement in traffic 
during May (AW May 27, p. 46). Dur- 
ing May, revenue passenger miles in- 
creased 19.3% over the previous 
month. International traffic rose 24.2% 
and domestic traffic climbed 18% dur- 
ing May. 

► Trans World Airlines will re-enact the 
first all-air transcontinental passenger 
sendee, inaugurated in October, 1930, 
in a 36-hr. flight from Los Angeles to 
Newark with a restored Ford Tri-Motor 
transport on June 20-21. The occasion 
is the 25th anniversary of the Civil 
Aeronautics Act of 1938, which was 
later amended as the Federal Aviation 
Act of 1958. 
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Moving 45 tons at 550 miles per hour is routine 

for today’s mighty jet transports. Those transoceanic Boeing, Douglas, and 
Lockheed sky freigliters arc powered by Pratt & Whitney Aircraft’s modern 
JT3D turbofan engines. Pratt & Whitney Aircraft provides design and manu- 
facturing leadership in power for many applications, in and out of this world. 


Pratt & 
Whitney 
Aircraft 
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STEELED TO THE TASK! 
The turbine-powered “Sea- 
sprite” dashes at 145 knots to 
the rescue. For this vital task, 
the new Navy helicopter must 
be reliable in every part. Criti- 
cally important is the main 
transmission support — the 
frame beneath the rotor, 
connecting the power plant 
to the fuselage. The aircraft 


is literally lifted by this frame. 

The manufacturer, Kaman 
Aircraft, had to find a steel 
with a high strength-weight 
ratio that would keep the de- 
sign compact and could stand 
up indefinitely under all flight 
loading conditions. And it had 
to be weldable. 

Timken aircraft quality steel 
tubes worked best. “They were 


selected over other types,” re- 
ports Kaman, "because their 
uniformity adds reliability to 
the design." The result: Severe 
specs were met, machining 
costs were cut down, rejects 
were practically eliminated. 

Uniform high quality is a 
watchword at the Timken Com- 
pany — has been for all the 45 
years we've been in the steel 


business. We have a long string 
of victories over all types of 
steel problems. The men who 

difference. What can we do for 
you? The Timken Roller Bear- 
ing Company, Steel and Tube 
Division, Canton 6, Ohio. 
Makers ofTapered Roller Bear- 
ings, Fine Alloy Steel and Re- 
movable ROCk Bits, ojr.oco. tooa 




steel tubing and graphitic 


available Irom steel 




steel representative 



Stage Retovery 
Featured in Nova 
Class 3 Vehicles 


General Dynamics/ Astronautics and Martin-Marietta Class 3 Nova vehicle designs recently 
disclosed by National Aeronautics and Space Administration (AW June 10, p. 34), include 
GD/A fully-recovcrablc 1 i-stage design (upper left) with booster engine which re-enters 
dose to launch site after one orbit. GD/A vehicle on right, known as Nexus, is a single- 
stage recoverable design. Martin vehicle (below), designated Renova, is single-stage and 
uses the hydrogen tank to form a nozzle plug and the toroidal ring for an oxygen tank. 
Rockets are enclosed in the air duct, which has adjustable inlets around circumference of the 
vehicle at the base of the conical fairing. Fairing houses payload and serves as an inlet spike 
during the air-augmentation boost phase. Flaps (one shown extended at bottom) extend 
after payload separation to start booster stage re-entry. 


250 FT. 
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UTC Studies 


By Irving Stone 

Sunnyvale, Calif.— Design and oper- 
ational refinements to meet advanced 
technolog)' requirements for both 
liquid- and solid-propellant rocket pro- 
pulsion systems arc being investigated 
by United Aircraft Corp.'s United 
Technology Center here. 

UTC concurrently is pushing devel- 
opment work for the Air Force on the 
120-in.-dia., solid-propellant, strap-on 
motors for the Titan 3 booster. 

Advanced propulsion studies include 
these key categories: 

• I Iybrid motors. 

• Ablative thrust chambers. 

• Metal additives. 

• Throttling techniques. 

• Nozzle design for large solid motors. 
The hybrid technique is a relatively 

new approach for obtaining chemical 
propulsion perfonnance which cannot 
be achieved practically with all-solid or 
all-liquid systems. Another basic advan- 
tage of hybrids is the safety offered in 
both the handling and operational 
regimes. 

A hybrid engine can be literally de- 
fined as a non-homogeneous propellant 
which uses a liquid-solid or gas-solid 
phase. UTC has demonstrated the 
principle of the gas-solid combination 
by using gaseous oxygen and plexiglass 
(polvmethylmethacrvlatc) as the solid 
fuel. 

This hybrid model uses a charge 
of propane ignited by a sparkplug to 
initiate combustion, which continues as 
long as the gaseous oxygen is fed. Burn- 
ing rate is controlled by the rate of oxy- 
gen flow. 



Refinements for Advanced Rocket Motors 


The standard hybrid uses a solid 
fuel and a liquid oxidizer. A “reverse 
hybrid," also feasible, uses a solid oxi- 
dizer and liquid fuel. 

Principal advantage of the standard 
hybrid is the ability to use either exist- 
ing or advanced ingredients without 
concern for chemical compatibility. 
Advanced (exotic) chemicals basically 
are used to attain substantially higher 
performance, but these chemicals gen- 
erally are difficult to handle, and com- 
patibility with other parts of the pro- 
pulsion systems usually presents a 
problem. 

Another basic advantage of the stand- 
ard hybrid is the capability for a regu- 
lated thrust program with either on-off 
or modulated operation, or both, UTC 
researchers say. 

Hybrid's Advantage 

Specific advantage seen for the hy- 
brid over a solid-propellant system is 
that the former provides higher energy 
than the solid because of the ingredi- 
ents which can be used. Specific im- 
pulses established thus far for accept- 
able solid propellants have not been 
extremely high and, in addition, modu- 
lated thrust control cannot be easily 
accomplished with a solid motor. 

High-energy requirements always 
will be important parameters since the 
higher the energy of the propellant, 
the smaller a propulsion system package 
can be. It is generally estimated that 
one pound saved in payload weights for 
an upper-stage system permits a reduc- 
tion in booster weight of 200 to 500 
lb. 

Compared with all-liquid systems, 


the hybrid is about half as complex in 
plumbing and pennits a higher-density 
system in the same volume. UTC en- 
gineers say. Space storabilitv involves 
coping with temperatures of — 100F 
and as high as 200 to 300F (depending 
upon insulation factors). This is a diffi- 
cult condition which is not compatible 
with most liquids. The hybrid involves 
only one fluid, compared with two in 
the all-liquid system, and therefore has 
less operational limitation. 

Energies attainable with hybrids 
are equal or superior to any value 
claimed for storable liquid systems. 
UTC says. Specific impulses for hy- 
brids arc roughly comparable to the 
long-established cryogenics, such as 
LOX/JP combinations, but are not 

terns, such as LOX 'hydrogen. 

UTC has been working with hybrid 
systems in the range of specific im- 
pulses from about 250 to 350 sec. 
standard reference conditions (about 
430 sec. m space environment). By 
comparison. LOX/hydrogcn systems 
will develop specific impulses of about 
350 sec. under standard reference con- 
ditions, or about 470 sec. in space en- 
vironment. 

The hybrid system generally can be 
the safest of all forms of chemical com- 
bustion, company researchers believe. 
There is no possibility of an explosion 
in the inert state, and the combustion 
process is free from the effects of a me- 
chanical malfunction in the solid por- 
tion. Thus, there is no detrimental ef- 
fect from cracks in the grain as might be 
experienced with an all-solid propellant. 

The chemical reaction in the hybrid 


occurs only on the surface of the grain 
and will contact the crack only at that 
point. In a conventional all-solid sys- 
tem, the radial burning will progress 
farther into the area immediately 
around the crack as a result of over- 
pressure caused by additional surface 
exposure. A dangerous condition could 
result when this excessive burning 
reaches the case wall. 

Another safety factor is that the solid 
phase of the hybrid requires no isola- 
tion or remote handling during fabri- 
cation. This is seen as an important 
advantage when assembling quantities 
as great as 10 million lb. for a booster, 
as might be involved in a Nova-size 
vehicle. No reaction would be possible 
until the liquid phase was integrated 
in the motor. If the liquid were hvpcr- 
golic with the solid and a leak occurred 
during assembly, a flash would result 
and would continue only as long as the 
fluid were fed. 

Possible Combinations 

Essentially, any combination of 
fuels and oxidizers is feasible in the 
hybrid. Almost any combination of 
elements in the periodic table probably 
can be used— with some skill in com- 
pounding— UTC says. 

In the standard hybrid, the liquid-to- 
solid ratio may run from less than one- 
half to five. Normally, the proportion 

UTC has conducted considerable 
laboratorv scale work with hybrids. The 
company has fired model engines de- 
veloping as much as 12,000 lb. thrust 
for about 25 sec. Propellants have been 



CLUSTER OF MULTIPLE FUEL CHARGES for large rocket motor development is shown in diagram above, left. Right, magnified 100 
times, are particles of aluminum powder propellant additive for both liquid and solid rocket systems. Powder shown is free, not in a fuel. 
Metals contribute to energy content of fuels and boost specific impulse. 
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Problem: duplicate this environment 


and then maintain it out here 


Before America’s first manned space station goes into 
orbit, a whole new generation of problems will have to 
be met and solved. 

To keep the crew in good health, for instance, we'll 
have to maintain their Earthlike environment for months 
or years. We'll have to devise a supply system to get 
food, air, and ail the other necessities up to them regu- 
larly. We'll have to keep all their equipment in operating 
condition. We'll have to be able to work on the outside 
as well as the inside of the station. We'll have to develop 
vehicles and techniques for shuttling personnel to and 
from the station, as well as for in-space rescue. 


Lockheed-California foresaw the scope of these prob- 
lems five years ago, and brought together a team of 
scientists and engineers to specialize in mart-in-space. 
The Spacecraft Organization has developed a high de- 
gree of capability in all aspects of space station design. 
They have conducted extensive studies of techniques 
and vehicle designs for supply, maintenance, rescue 
and logistics in space. Today they stand ready to under- 
take the many vital tasks upcoming in this challenging 
new age of man-in-space. 

LOCKHEED-CALIFORNIA COMPANY 
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Now... 

for multiconductor cables 
in toughest service conditions... 
MIL-C-13777D 

includes primary insulation of 
TEFLON 



Meeting the need for reduced size, weight and in- 
usecostof ground-support multiconductorcables, 
the new "D" revision of MIL-C-13777 specifies 
cable that must perform with high reliability in 
every area of the world. Cables must withstand 
severe mechanical abuse, resist oil, ozone and 
weathering, and remain flexible over a tempera- 
ture range from -65 to I60°F. 

Included as primary insulations in this new spec 
are Du Pont Teflon resins — both TFE and FEP. 
Their contributions to 13777 cables stem directly 
from their unique properties, such as high heat 
resistance (TFE withstands continuous use at 
500°F., FEP at 400°F.). This property in itself per- 
mits a sizable reduction of cable diameter and 
weight for equivalent current-carrying capacities. 
Smaller cable diameters in combination with very 
low coefficients of friction between adjacent wires 
assure good cable flexibility. Teflon resins re- 
main tough and flexible even at temperatures be- 
low -65°F. Terminations, too, are more reliable, 
because the insulations resist heat damage from 
soldering iron contact. Because Teflon resins are 


completely inert to virtually all chemicals, they 
eliminate problems of fuel and solvent attack. 
And there is no danger of flame travel, as Teflon 
resins do not support combustion. 

Thus, the outstanding insulating properties of 
Teflon resins contribute utmost reliability 
through demanding service conditions. Consider 
primary insulation of Teflon for your multicon- 
ductor cables. Forfurtherinformation, write: E. 1. 
du Pont de Nemours & Co. (Inc.), Div.AW-617, 
2526 Nemours Bldg., Wilmington 98, Del. In 
Canada: Du Pont of Canada Ltd., P. O. Box 660, 
Montreal, Quebec. 

(SUPIDTEFLON* 

FLUOROCARBON RESINS 


7, fibers mdfiim^Sding'Tf 

md FEP ( fluor mated ethylene pr 


Hybrid Motor Operation 

Injector of a hybrid motor is required to handle only one fluid (oxidizer), thus it 
performs a simpler function than the injector in a liquid-propellant engine. The 
hybrid motor injector introduces the oxidizer in a highly atomized form which is 

Solid phase of the hybrid propellant combination has the same general configura- 
tion as a solid-propellant motor, but it contains no oxidizer and therefore will not 

These features afford on-off and thrust-modulation capabilities because the burn- 
ing rate is determined by the oxidizer rate of flow. 

Fundamental factor in hybrid combustion is that the liquid docs not contact 
the surface of the solid phase once burning has begun. Combustion of hybrid 
propellants proceeds by thermal diffusion, decomposition and chemical reaction. 

Combustion is started by the injection of liquid oxidizer in droplet form to the 
cold surface of the solid fuel. If the reaction is hypergolic, a cyclic, auto-catalytic 
action is started, generating heat for continued decomposition of the solid fuel. 

After initial burning, the reaction processes stabilize and an active combustion 
zone is established. This zone is separated from the solid surface by at least 1/10 in. 

solid propellant. This causes vaporization and decomposition to generate additional 
active combustion material, which continues to support the combustion reaction. 

Heat also flows from the opposite side of the combustion zone to convert the 
liquid oxidizer into a gas winch diffuses into the combustion zone to maintain a 
reaction. The rate of this reaction is determined by the flow of oxidizer admitted 
to the injector. 


composed of rubber (hydrocarbon) and 
aluminum powder as the fuel plus 
nitrogen tetroxide as oxidizer. Perform- 
ance has been higher than with any 
established solid propellant. 

Progression to a higher-thrust engine 
is not indicated until an application 
defines a requirement. UTC is pri- 
marily interested in boosting efficiency 
and obtaining better fuel utilization 
as a step toward reducing state-of-the- 
art for hybrids to practical hardware. 
Studies are being directed toward main- 
taining predicted thrust and high com- 
bustion efficiency in a uniform and con- 
trollable manner. 

Unique Condition 

UTC's research with hybrids has 
shown that the burning reaction is 
insensitive to chamber pressure— a con- 
dition unique in chemical propulsion 
systems. Also, hybrids exhibit a very 
low sensitivity to environmental tem- 
perature. 

Hybrids appear promising for upper- 
stage engines and for maneuverable 
vehicles which require long-term pro- 
pellant storabilitv and intermittent, 
modulated thrust. Considerable po- 
tential also is indicated for some of 
the more sophisticated ordnance ap- 
plications. 

Hybrids are not being used now in 
operational configurations primarily be- 
cause they are competitive with al- 
ready developed propulsion techniques. 
No requirement has been defined to 
date which could not be met with one 
of these established techniques. 

Researchers feel that more engineer- 
ing background is necessary for straight- 
forward hybrid design to permit ade- 


quate efficiency. Development efforts 
have clarified the phenomena of hy- 
brid combustion, which should lead to 
the resolution of design variables for 
achievement of practical engines with- 
out extensive trial-and-error work. 

All government-sponsored programs 
with hybrids are under the cognizance 
of Advanced Research Projects Agency 
(ARPA), except for some Navy-spon- 
sored research at Naval Ordnance Test 
Station and Aerojet-General. Navy 
has pioneered in hvbrid research since 
1958. 

ARPA projects include: 

• Fundamentals of hybrid combustion 
to provide design date for experimental 
and practical motors. This is a UTC 
research program, managed for ARPA 
by Navy’s Bureau of Weapons. 

• Development of reverse hybrids (liq- 
uid fuel and solid oxidizer). This pro- 
gram is conducted by Thiokol and man- 
aged by BuWeps for ARPA. 

• Moderately high-impulse, hybrid-pro- 
pellant combination compatible with 
field-use requirements and incorporat- 
ing on-off thrust command. This ARPA 
program is being conducted by Lock- 
heed Propulsion Co. under Army Mis- 
sile Command management. 

• Spacc-storable. high-energy hybrid to 
deliver a specific impulse between 300 
and 350 sec., with 1,000 psi. chamber 
pressure, incorporating an optimum 
expansion ratio under standard reference 
conditions and vacuum expansion ratio 
of about 50 to 1 . The motor also would 
be capable of on-off operation and in- 
clude thrust modulation. This program 
is conducted by UTC and managed 
for ARPA by Air Force at Edwards 
AFB, Calif. 


In a related area of engine work, 
UTC anticipates highly promising ap- 
plications for ablativcly cooled, liquid- 
propellant rocket engine thrust cham- 
bers in upper stages. Tire company 
believes these can meet requirements 
for low- and mid-range thrust values for 
durations up to 20 min., in both steady- 
state and on-off modes. 

Ablativcly cooled chambers have al- 
ready been selected for application to 
the landing engine (10,000-lb.-thrust 
class) and return engine (5,0004b.- 
thrust class) of the Lunar Excursion 
Module (LEM), the transtage (10,000- 
lb.-tluust class) of Titan 3, and the 
Apollo serv ice module engine (20,000- 
lb.-thrust class). 

Ablatively cooled thrust chamber 
technology today has tapped only a 
small portion of development potential, 
UTC researchers say. Current tech- 
nology has utilized only low combustion 
chamber pressures (about 100 to 200 
psia.), using available storable propel- 
lants to provide specific impulse of 
about 370 sec. under vacuum condi- 
tions. Nozzle expansion ratio with these 
applications is about 40 to 1. 

The ablative thrust chamber is cooled 
by sublimation of some of its own mass 
into the hot gas stream. For this rea- 
son, the chamber is life-limited com- 
pared with a regeneratively cooled unit, 
which has an indefinite operating life. 
However, the ablative thrust chamber 
shows specific advantages over the re- 
generatively cooled type, including: 

• Ablative low pressure-fed liquid sys- 
tem involves no induced pressure loss 
in the propellant supply system as a re- 
sult of cooling requirements. 

• No purge on shutdown or at start 
is required for the pressure-fed engine. 

• Ablative chamber is more rugged, 
would be less susceptible to physical 
damage from meteorite penetration. 

• Freezing effects in deep space would 



p. 68 appears uniform in this view of the 
downstream end. Mass of globular mate- 
rial at cud is melted silica which has cooled 
in the nozzle area. Current technology uses 
chamber pressures from 100 to 200 psia. 
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STUMP US 


UAP has accepted challenges in valve design since 
1929. Valves for aircraft and missiles. Valves to 
control fuels, oils, cryogenics, hot gases. Valves for 
high pressures or vacuum. Valves to operate in 
temperatures from —400° F. to 1000° F. Off-On 
or complicated metering valves. By-pass, relief and 
check valves. Regulator, shutoff, measuring and se- 
quence valves. Special valves. One-of-a-kind valves. 
High production run valves. Valves, valves, valves, 
ad infinitum. Now, what's your valving problem? 
If UAP doesn't already have the answer after 33 


years experience, we can find it. You’ll get a precise, 
reliable, long-life valve. The only kind we make. 
Write or phone 224-3841 today. UAP means United 
Aircraft Products. A dynamic, independent com- 
pany in Dayton, Ohio. A name to remember when 



be less pronounced for the ablative 
chamber. 

While ablative chambers might apply 
to requirements up to 40,000 to 50,000 
lb. thrust in space systems, UTC says, 
the turbopump-fed engine would show 
a distinct performance advantage over 
the pressure-fed design above this thrust 
level. 

Use of the turbopump would involve 
operation with high chamber pressures. 
These would eliminate the possible use 
of an ablative throat because of the high 
rate of erosion in the ablative material 
under such pressures. Improved ablators 
would be required for this mode of use. 
Damage Susceptibility 

Main problem with the ablative 
chamber is that it is much more suscep- 
tible to damage from a poorly designed 
or defective injector than is a regenera- 
tively cooled chamber. High quality- 
control must be maintained in the 
fabrication of injectors for ablative 
chambers, since injector deficiencies 
might produce poor injection patterns 
and "wild” oxidizer streams which 
might cause excessive erosion and burn- 
through, UTC designers note. Rapid 
throat-area changes would affect thrust 
level in a constant-pressure feed system 
and degrade engine perfonnance. 

System optimization with the ablative 
chamber using present-day materials 
limits operation to an upper level of 
about 200 psia. chamber pressure for 
general applications. This stems from 
the fact that ablation rate is a function 
of the pressure. 

General applications for the ablative 
thrust chamber lie in the space regime, 
as distinguished from booster applica- 
tion. However, ablative chambers are 
believed applicable to annament rock- 
ets which might use a chamber pressure 
as high as 1,000 psi. for a very short- 
duration firing. 

Material used for ablative chambers 
generally falls into a single category- 
leached silica cloth bound with epoxy 
resin. Various firms use different ap- 
proaches in cloth makeup, lay-up orien- 
tation and method of impregnation. 

Nozzle Construction 

Typical construction of an ablative 
nozzle for operation with a chamber 
pressure under 200 psia. and a duration 
of 10 min. could embody a throat thick- 
ness of about 1 to H in., with the 
epoxy-bound silica cloth material de- 
creasing in thickness toward the nozzle 

The ablative material would be sur- 
rounded by an insulator (heat dam) of 
porous, low-density material (magne- 
sium oxide or asbestos) about 5 to } in. 
thick. For structural integrity, the 
chamber would use a S-in.-thick, epoxy- 
bound, glass-filament wrap in a helix 



en-vi-ron ics (en-vi-ron'iks), n. New space age con- 
cept from AAF. Art of total-system environment control 
—developed, produced and installed through a single 
corporate source and engineer-management team. For 
example, the integral automatic system making each 
Minuteman missile and launch-control center environ- 
mentally self-supporting. 

AAF Environics is not synonymous with air-conditioning: 
systems include ultra-high reliability features, shock-proof 
configurations, radio-interference suppression, filtering 
efficiency, and explosion-proof operation provisions that 
go beyond any conventional air-conditioning or air- 
handling equipment. In fact, no conventional concept 
limitations apply to AAF Environics. 

Reliable AAF Defense Group teams move quickly to the 
heart of any environmental-control problem. They develop 
all required designs, prototypes, tests, and test facilities. 
They draw on six AAF manufacturing divisions to fill all 
needs on schedule and without compromise. They provide 
and supervise installation in the field, with complete 
responsibility for hardware deliveries, checkout, operation, 
and maintenance of the system. 


MT 



Developed by the engineers who created 
Minuteman’s environment control system. With 
contract for Wing l accomplished, AAF and its 
subcontractors are now completing installation 
on Wing It, Ellsworth AFB, S. D. 
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Vertical assault at 200 mph 


Sikorsky’s new CH-53A transport helicopter will be big, 
fast, and tough. It will provide the U.S. Marine Corps 
with its first all-weather, all-climate helicopter for ver- 
tical assault missions. 

The powerful CH-53A will speed 30 troops or 8,000 
pounds of cargo 115 miles at 170 mph — and return with- 
out refueling. On short missions it will transport 64 men 
or 16,000 pounds. It will carry a Pershing missile, 155 
mm howitzer, or three-quarter ton truck. It will operate 


from any terrain and offers a watertight hull for emer- 
gency flotation. Under light-load conditions, top speed 
will exceed 200 mph. 

An advanced rear-loading cargo system will permit 
one man to load a ton a minute. Prerigged external cargo 
can be picked up in flight without a ground crew. 

The CH-53A is based on the proven technology of 
Sikorsky’s twin-turbine S-64 Skycrane. First flight is 
scheduled for 1964. 


U 


Sikorsky fiircraft - 



pattern. A thinner sheath of aluminum 
could be substituted. 

It is feasible to use an ablative thrust 
chamber incorporating radiation cooling 
in the expansion skirt. This can be 
achieved by use of a refractory metal 
from approximately the 5 to 1 area 
ratio point out to the nozzle exit plane. 
Gas temperature and density in this 
location will have decreased to a value 
sufliciently low so that heat transfer 
rate is within the limits of available re- 
fractory' metals. 

Throat diameter for a 1 0.000-lb.-class 
ablative thrust chamber, operating with 
a pressure of about 100 to HO psia.. 
might be about fi or 7 in. Chamber 
length could be approximately 5 to 6 
ft. and nozzle exit plane about 4 to 5 
ft. in diameter. 

Plastic Feasibility 

Feasibility of the all-plastic nozzle for 
solid-propeliant rocket motors in the 
120-. 1 >6- and 260-in.-dia. sizes will de- 
pend upon an extensive research and 
evaluation program. Research may be 
funnclcd in this direction because the 
reliability of large graphite throats has 
been difficult to analyze, and few of 
these throats have been successful in 
large-motor firings, UTC says. 

Post-firing inspection of a 24-in.-dia. 
throat with graphite liners revealed 
cracks which indicate low reliability of 
operation. 

Another factor which paves the way 
for the use of the all-plastic materials in 
large nozzles is the minimized effect of 
erosion in these big sizes. The usual ob- 
jective is to minimize the percentage 
change in the nozzle throat area. 

In small motors, a small amount of 
radial ablation (erosion) of the throat 
will introduce a significant change in 
throat area, reducing the chamber pres- 
sure and expansion ratio. By contrast, 
small throat changes in large motors 


Thus, in a small nozzle, erosion of 
the throat from 5-in.-dia. to 7-in.-dia. 
will result in a throat-area increase of 
about 96%. However, a 2-in. change in 
throat diameter in a 38-in. throat, a size 
which might be used with the large 
solid motors now under development 
(AW Feb. 1 1 , p. 50) would result in 
only a 10% increase in throat area. 

OTC believes that a graphite throat 
nozzle for the huge solid-propellant mo- 
tors now under development could be 
designed for satisfactory operation at 
the flame temperatures and duration 
which arc expected for these motors. 
But the firm feels that a graphite-cloth 
or carbon-cloth throat will be a simpler 
development. However, there is no in- 
dication that erosion-resistance of the 
graphite throat will be equaled by the 
cloth makeup. 

For this reason, throat design for the 


largest solid motors always will involve a 
compromise between ease of develop- 
ment. fabrication and reliability versus 
erosion-resistance. 

The cloth would be obtained by sub- 
jecting an organic cloth to a charring 
process. Exposure for longer periods of 
time at higher temperature than re- 
uired for the carbon cloth would pro- 
uce a graphite cloth. After impregna- 
tion with phenolic resin, the cloth 
would be laminated to provide the re- 
quired configuration. 

Normally, the use of graphite cloth 
or carbon cloth would be restricted to 
the area of high heat flux in the throat 
region. Downstream of the throat, Re- 
frasil or other materials of leached 
silica in a matrix of phenolic could be 

Throat backup material might be a 
silica-phenolic or asbestos. In the 120- 
in.-dia. motor, thickness of the throat 
liner might be about 3 in. and backup 
thickness about 1 in. Outside surface of 
the nozzle probably would be strength- 
ened by a glass fiber-epoxy winding. 
Resultant Erosion 

With this type of construction, a 120- 
sec. firing of a large solid propellant 
motor might result in an erosion ex- 
ceeding 0.5 in. 

In other propulsion industry' devel- 
opments, the use of metal additives to 
increase the energy content of liquid 
fuels is getting increased attention. 

Experience in this field of research is 
not as advanced as in solid fuels with 
metal constituents. 

Metal additives for fuel arc required 
to have high heat energy and low mo- 


lecular weight in the form of exhaust 
products, since specific impulse is di- 
rectly proportional to the square root of 
the flame temperature divided by the 
molecular weight. In addition to in- 
creasing specific impulse of the propel- 
lant system, metal additives also increase 
the over-all density of the system. This 
is an advantage in volume-limited sys- 
tems where high-energy must be con- 
tained in a small package, UTC re- 
searchers say. 

Density of the metal or metal deriva- 
tive, such as a hydride, usually is greater 
than the density of the liquid fuel. 
Therefore, some method must be found 
to suspend the metal or derivative in 
the liquid. 

Additive Size 

Particle size of the additive usually 
is in the 1- to 20-micron range. Small 
particle size is desirable to improve the 
propellant performance, but counter- 
acting this is the problem of maintain- 
ing proper fluidity. Usually, a single- 
size particle in the 1- to 20-micron 
range is used. If particles smaller than 
one micron are used, fluidity may be 
impaired because of the large volume 
of metal additive required to provide a 
desired weight of additive. Also, in 
small-size particles the presence of oxide 
coatings is accented, affecting combus- 
tion efficiency. 

In the preparation process, a gelling 
agent usually is added to the fuel first, 
followed by the addition of the metal 
or the derivative to create a thixotropic 
gel. 

Application of pressure, as in a 
pressure-feed system, will cause the 
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How many airplanes are in this picture? 


We see at least eighteen. 

We designed the Northrop F-5 to accommodate at 
least eighteen different combinations of air-to-air mis- 
siles, air-to-ground missiles, bombs, rockets, napalm, 
and extra fuel tanks. 


Seven external stations on the F-5 will carry up to 
6,200 pounds of payload and extra fuel, yet the F-5 
weighs only 8,100 pounds itself, unfueled. 

In clean configuration, the F-5 has a sea level rate 
of climb of 30,000 feet per minute, and can fly super- 


sonic at altitudes up to 50,000 feet. In ferry configura- 
tion, maximum range is a healthy 1,650 nautical miles. 

Yet with all this performance, the twin-jet F-5 is an 
extremely practical aircraft. It can land and take off 
from the sod fields and unimproved runways of for- 


ward area bases. In operational squadrons, it will 
require considerably less man-hours of aircraft main- 
tenance per flight hour than other supersonic fighters. 

NORTHROP F-5 



AT RADIATION, IDEAS BECOME REALITY 

Example: APOLLO’s PCM Telemetry Systems 


Radiation Incorporated offers the most advanced capability in 
PCM command, control and telemetry for aerospace. Because 
of Rodiation's successful pioneering experience, the company 
was selected to design an entirely new telemetry system to ac- 
company ostronouls on the NASA Apollo lunar Expedition. 

The PCM system requirements: Automatic in-flight self-check 
analysis permitting maintenance by the ostronouls through use 
of replaceable modules; opproximate weight 50 lbs.; occupies 
approximately one cubic fool; channels are parallel and serial 
digital input, high-level 0-5V and low-level 0-40 mv analog 
inputs. Highly reliable qualified components are used through- 
out the system enabling highest MTBF to be achieved in mis- 

Also, two 33 rack ground information handling systems will 
serve as primary data reduction centers. One will handle data 
from the capsule and the other from Saturn’s second stage 
booster. 


Radiation engineers ore experienced in complete systems 
development, and design for maximum effectiveness within an 
entire project. The success of this project-oriented approach 
has been demonstrated on operational programs such os Titon, 
Minutemon and Telstar. 

If you'd like to take part in future contributions to aerospoce 
communications, you'll find a challenging and rewording op- 
portunity at Radiation. Send your resume, or write for informa- 
tion. Personnel Director, Dept. AW-063,Radiation-Melbourne, 
Melbourne, Fla. Radiation is on equal opportunity employer. 





Syslems- 


composite fuel, which lias thixotropic 
properties, to flow. 

Increases on the order of 40 sec. of 
impulse are possible with the use of 
metal or metal-derivative additives 
presently available. These include, in 
the general order of their contribution 
to performance, aluminum, aluminum 
hydride, beryllium, and beryllium hy- 

Lithium, a highly reactive metal, 
may have limited application as an 
additive for both liquid and solid fuels. 
Although lithium weighs less than 
beryllium and aluminum, this advan- 
tage docs not offset the higher heat- 
release characteristics of the latter two 
nrctals. UTC engineers say. 

Handling Methods 

Fuels commonly used with additives 
are hydrazine, unsymmetrical dimethyl- 
hydrazine, and monomethylhydrazinc. 
Oxidizers normally used include nitro- 
gen tetroxidc, mixed oxides of nitro- 
gen, oxygen difluoride and hydrogen 
peroxide. 

Largest benefit obtained by suspend- 
ing metals or derivatives in a high-en- 
ergy fuel, such as hydrazine, mainly is 
derived with use of oxygen-containing 
oxidizers rather than halogens, such as 
fluorides, UTC researchers believe. 

Problems associated with the use of 
metal additives in liquids are related 
to injector design, since fuels with 
metal additives are non-Newtonian- 
viscosity is not directly proportional to 
the shear rate. Combustion efficiency 
also may suffer, because metals do not 
exhibit as high a combustion efficiency 
as normal liquids. 

Storage Life 

Long-term storability also may be 
affected. If the gel separates because of 
instability, the metal particles will tend 
to settle, leaving the liquid fuel on top. 
This would result in clogging of the in- 
jector. Also, this separation could cause 
a condition of variable thrust, UTC 

By comparison, metal additives in 
solid propellants cause no suspension 
difficulties, and the problem of de- 
graded combustion efficiency is not as 
severe as with liquids incorporating addi- 

Incrcascs in specific impulse ob- 
tainable with metal additives in solids 
generally are similar to those gained 
from liquids combined with additives. 

Importance of improved throttling 
techniques is emphasized by the require- 
ment for variable thrust in the landing 
engine of the Lunar Excursion Module, 
as well as in the backup engine for this 
vehicle (AW June 3, p. 30). 

Inherent difficulty associated with 
throttling is the reduction in velocity 
of the injected propellant. This prob- 


look to TRANSCO for Microwave 



m SP4T ■ Excellent RF characteristics to 11 Gc ■ Wt.,12 oz. ■ 
1,000,000 operations ■ Power, 300 watts C.W. at 3 Gc & sea level ■ 
Specifications, MIL-E-5272A and MIL-E-5422C ■ For ground, 
airborne, and space applications. 
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ABLATIVE THRUST CHAMBER pi 

a quarter-section cut from propclla 
eroded, blackened throat area is ii 
effect by subliming some of its owi 

lent, which exists with a fixed-area 
injector, may be eliminated with a vari- 
able-area injector. However, perform- 
ance may suffer as a result of poor 
atomization and mixing of the propel- 
lant. Also, the variable-area design in- 
volves mechanical complexity, as with 
a pintle arrangement. 

Aeration concept of throttling uses a 
fixed-area injector and gaseous injection 
to maintain the injection velocity, while 
reducing the rate of propellant flow. 
Tin's approach does not involve me- 
chanical complexity and exhibits a 
fairly high combustion efficiency, ac- 
cording to UTC. 

Propellant-feed system’s pressuriza- 
tion gas— helium— probably would be 
used for the aeration process. A reac- 
tive gas probably would not be used be- 
cause this would necessitate carrying a 
separate gas supply. Also, the gain in 
thrust with the reactive gas would be 
small because the mass of injected fluid 
is small in comparison with the propel- 
lant mass rate. 

Additionally, injection of the gas 
would be limited to the fuel manifold, 
because introduction of the reactive gas 
into the oxidizer manifold could create 
a combustion hazard which might de- 
stroy the injector. 

Throttling ratios of 35 to 1 have 
been demonstrated with aeration at the 
injector face in a 6.500-lb.-thrust en- 
gine, according to UTC. Gross aera- 
tion. upstream of the injector, could 
easily give a 10 to 1 throttling ratio. 

Another approach to throttling is the 
use of dual manifolds for both oxidizer 
and fuel. The two sets arc used over 
the full throttling range. At full thrust, 
all manifolds would be used, with grad- 
ual full closing of the valves on one 


lo the hot gas stream. 

manifold set to achieve 50% of full 
thrust. For throttling to about 10% 
of full thrust, the other set would be 
gradually closed. 

This technique would afford a spe- 
cific impulse efficiency equivalent to 
that of the aeration technique and yield 
better pcrfonnance than with the me- 
chanical technique. It also would avoid 
the mechanical complexity of injector 
facc-throttling arrangement. UTC says. 

Phenomenon of liquid-propellant 
combustion instability, amplified as en- 
gine sizes increase, is receiving closer 

in future designs. 


A special work force fonned by the 
Interagency Chemical Rocket Propul- 
sion Group (a chartered committee 
composed of personnel from ARPA, 
Air Force, Anny. Navy, Johns Hopkins 
Applied Physics Laboratory's Chemical 
Propulsion Information Agency and 
National Aeronautics and Space Ad- 
ministration) has canvassed industry 
and the scientific community for data 
on combustion instability. This data 
will be used in a general analysis of the 
ramifications of this problem. 

Two general fonns of combustion in- 
stability in liquid-propellant engines 
are low-frequency oscillation, also 
known as chugging, which normally is 
not destructive, and high-frequency 
("screaming") instability, which can in- 
volve pressure fluctuations of the order 
of 1,600 cps. The latter form fre- 
quentlv involves destructive effects, 
according to UTC. 

Lovv-frcqucncy instability usually re- 
sults from a coupling between the pro- 
pellant-feed system and pressure oscil- 
lations m the combustion chamber. 
This usually can be eliminated through 
increasing the pressure drop across the 
injector face, by introducing pressure 
losses in the propellant-feed system, or 
by redesigning the injector. 

Another technique for solving this 
instability is the introduction of gaseous 
injection into the propellant just up- 
stream of' the injector face. 

High-frequency instability, an ex- 
tremely complex phenomenon, is not 
well understood. A general correlation 
is that the larger the combustion cham- 
ber, the more susceptible to instability, 
and there is no theory which adequately 
defines the mechanism, UTC says. 


Agena D Voltage Regulator Shown 

Radiation-hardened, direct current voltage regulator developed by ITT for use 
10A on Agena D spacecraft consists of (1) filter box to decouple sonree noise 
lator, (2) shunt regulator box containing sensing and servo system and (3) resii 
Plates are mounted remotely from the regulator box. 
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“Give us 1 
a tracking , 


station here 


We want data on ICBM -.i 
re-entry, here in the Indian fl 
Ocean where they impact... 
we need fully- instrumented 
missile tracking stations that 
are ‘floating islands'. . . able '■ 
to operate hundreds of miles 
from land ... to serve as the 
final link in the Atlantic Mis- L •’ 
sile Range tracking network. 

And, we need them now." 

In June, 1961, the U. S. Air Force 
Missile Test Center issued a 
contract for which there was 
no precedent. It called for the 
demothballing of two wartime 
troopships— and their conversion 
into seagoing tracking stations. 

These ARIS (Advanced Range 
Instrumentation Ship) stations 
were to monitor the re-entry phase 
of missions on the Atlantic Missile 
Range. They would operate as 
far as 10,000 miles from Cape 
Canaveral ... as near as three 
miles to “splash point.” 




In 21 months, the answer 


In record-setting time, 21 months after go-ahead, the ARIS 
industry team has delivered the U.S. Air Force Ship 
General H.H. Arnold— the most complete missile tracking 
facility ever put to sea. Soon it will be joined by a second 
ARIS ship. 

Time Was Short. To accomplish the job as quickly as 
possible, the ARIS team employed new techniques. 
Procurement had been pre-planned. Six workdays after 
contract signing, the first ship was in dry dock. "Road- 
mapping” the project for PERT control, computers had 
already reduced hundreds of manhours of calculations to 
minutes. A special teletype link provided immediate inter- 
contractor communication. While the ship's bulkheads 
were being remodeled, full-size equipment mock-ups were 
wired in advance to speed installation of actual instru- 
ments. Giant radar mount supports were precision- 
machined aboard ship. On-site shore tests of systems 
reduced trouble shooting after installation. 


A Floating Island. The Arnold embodies the latest in 
integrated instrumentation, inertial navigation gear, data 
processing, and communications. Scientists aboard her 
will be able to gauge the accuracies of missile guidance 
techniques . . . compute aiming corrections during re-entry 
...determine whether warheads can be detected from 
decoys and "junk" sent through space with them... how 
to detect . . . how not to be detected. They can collect 25 
to 50 million bits of data in a two-minute ICBM pass. 

The ARIS radar system— six radars integrated as one— is 
the largest, most powerful ever put to sea. Associated 
instrumentation will permit terminal and mid-course tra- 
jectory measurements . . . meteorological measurements . . . 
24-hour lunar probe monitoring ... and much more. 

The Arnold is the result of a deft combination of engi- 
neering skills . . . teamed capabilities in system integration 
...and positive industry management. The ship stands 
forth as a worthy achievement of the Air Force and the 


ARIS team. It will prove its worth to the nation as well in 
the years ahead. 

This advertisement is sponsored by 
the following ARIS program firms: 
AMERICAN MACHINE & FOUNDRY COMPANY 

General Engineering Division, Advanced Products Group 
Radar Mounts 
AVCO CORPORATION 
Avco Electronics Division 
C-Band Transmitter 

CONSOLIDATED ELECTRODYNAMICS 
CORPORATION 

A subsidiary of Bell & Howell Company 
Pre-detection Magnetic Tape Recorders 
DYNATRONICS, INCORPORATED 
Telemetry Sub-Systems 


ITT FEDERAL LABORATORIES 

A Division of 

International Telephone and Telegraph Corporation 
Telemetry, Radar Video, Radio Communications, Tim- 
ing, Interior Communications, Meteorology 

SCHWEIZER AIRCRAFT CORPORATION 

Radar Reflectors 

SPERRY RAND CORPORATION 

Prime Contractor 

Ford Instrument Company Division 
Operations Control Center 
Sperry Gyroscope Company Division 
Systems Management, Navigation, Optics, Radar, Cen- 
tral Data Conversion 
UNIVAC Division 
Data Handling, UNIVAC 1206 
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NOW . . . Ready Pack in 
ROLLS and SHEETS- 


KODAK Industrial X-ray 
Film, Types AA and M 



North American Aviation, Inc., Los Angeles Division, 
designed a “Cherry Picker" for on-line radiography 
of parts and welds on supersonic aircraft 


Radiographic inspection of fusion welds is so important, North American Aviation 
designed a mobile x-ray truck. It was quickly dubbed the “Cherry Picker.” It 
can be maneuvered into confined areas, reach up twenty-seven feet and outward 
twelve feet. An X-15 fuselage or airplane’s honeycomb panel can be examined 



it in proving the soundness of welds, of 
lies large and small rely on radiography 
is delivered — highly important ir 
tttracts and holds business. It 

ty Sales Representative call. 



EASTMAN KODAK COMPANY 
X-ray Sales Division • Rochester 4, N.Y. 




MICRO 


SWITCH 


Precision Switches 



HUNDREDS OF 

TOGGLE SWITCH ASSEMBLIES 
FOR GREATER DESIGN FLEXIBILITY 


Tailored answers to a wide variety of control problems— count- 
less ways to simplify circuit design, increase reliability and save 
space-all are available in the broad MICRO SWITCH line of "AT" 
Toggle Switch Assemblies. These dependable units are used 
extensively in electronic, aircraft, mobileandmarineapplications. 

They provide ways to actuate up to a dozen miniature pre- 
cision snap-action switches— all in one compact toggle assembly. 
Line offers complete design versatility with a broad range of 
circuit combinations; 2 and 3 position toggles; maintained and 
momentary lever positions ;pull-to-unlock levers; sealed levers; 


and special features such as "electric memory" and "dry 
circuit" capabilities. 

Write for catalog 73, or call our Branch Office (see Yellow 
Pages). 



MICRO SWITCH 

FREEPORT. ILLINOIS 

A DIVISION OF HONEYWELL 


74 



FACILITIES FOR AEROSPACE RESEARCH at USAF's Arnold Engineering Development Center. Tnllahoma, Tenn.. will be expanded in 
a S3 1.' 4-nnllion program now under way. Among tire facilities to lie built arc Rocket Test Cell 1-4. above left. Which will accommodate 
vertically mounted engines of up to 500.000-lh. thrust at simulated altitudes of up to 100.000 ft. With modification, it could accommo- 
date 1 . 5-rniIlioii-lb. thrust engines. Above right, is Environmental Chamber Mark I which will be able to simulate altitudes of up to 300 
mi. Chamber, which will be 65 ft. high and 35 ft. in dia., will accommodate full-scale spacecraft. 

Arnold Research Center Expansion Under Way 



HYPERVELOCITY BALLISTIC RANGE, now undergoing checkout, is l.OOO-ft.-long, lO-ft.-dia. tube in which altitudes of up to 50 mi. can 
be simulated. Effects of re-entry temperatures and pressures and their influence on spacecraft design, as well as plasma sheath and com- 
munications problems will be studied. Launcher section, at right, will fire missiles at 20.000 fps. initially and later at 30,000 fps. 
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CUT COSTS WITH THE ONE 
UNDERWING NOZZLE DESIGNED 
FOR ON-SITE MAINTENANCE — 

THE NEW BUCKEYE *13460! 




New Raytheon radar-TV helps FAA 
give added security to air travelers 





Objectivity 


If you're tired of hearing about the 
'perfect' printed circuit connector, 
you're just the man we want to talk 

We're here to offer you freedom of 
choice, because that's where objectiv- 
ity begins. The boy blowing his last 
penny on candy wants to be able to 
choose between the 30-second delica- 
cies and the stuff that lasts all after- 
noon. It's licorice versus jawbreakers, 
root-beer-barrels versus bubble-gum. 
They're all good, but none are perfect. 

That's why we make such a variety 
of printed circuit connectors. Each 
type and style has its own special 
bailiwick. They're all ’perfect' when 
they're applied properly. 

OUR NEW BELLOWS-TYPE 

Take the new Amphenol 225-series. 
This bellows-type connector has the 
smoothest, gentlest, most efficient ma- 
ting action you'll find anyplace. Even 
after thousands of insertions, the deli- 
cate conductive surfaces of the printed 
board are unscathed by the 225. 

The 225-series has remarkably low 
contact resistance, too. For the solder 
terminated style, it's under 25 milli- 
volts at 5 amperes. 

The bellows-type contact on the 
225-series is split down the middle. 
You get two contact points for every 
interconnection. This helps keep the 
contact resistance low, of course, but 
it also conforms readily to irregular 
mating surfaces. 

The 225 is convex. It meets and 
mates the printed circuit board with a 
wiping action that assures contact. 

AND, FURTHERMORE 

The 225-series contact is self an- 
chored in the connector body. Con- 


tact faces will not distort at the slightest 
pull on the terminals. 

The 225-series has twice the flexing 
range that you'll find on other bellows- 
type contacts. This means you can 
rock the board twice as far with no 
danger of contact distortion. 

The 225-series does not waste valu- 
able contact space with a polarizing 
key. The key is sandwiched in be- 
tween contacts. 

The 225-series can be terminated 
with solder lugs, taper pins, removable 
crimps, or Wire-Wrap* terminals. 

Contact styles? Contact positions? 
Mounting provisions? Well, let’s just 
say that there are over 1 00,000 combi- 
nations available in the Amphenol 
225-series bellows-type connector. 


And now for the facts of life. Some 
people simply don't need the 225- 
series. Some printed circuit boards are 
inserted once and never disturbed 
again. Some printed circuits are never 
subjected to pull on the terminations. 
Some printed circuits are not really 
so delicate that they must be protected 
from contact wear. Some printed cir- 
cuit boards never get rocked. And in 
some applications, the space taken up 
by a conventional polarizing key is of 
no consequence. And so forth. 

And that is why Amphenol makes 
Prin-Cir® connectors, Micro -Edge® 
connectors, Micro-Min® connectors, 
and specials that haven't been named 
yet. They are all printed circuit con- 
nectors. They are all "right" where the 
need dictates their use. 

The hero of this story is the 
Amphenol Sales Engineer. He's the 
only man who has access to a complete 


line. Thus he's the only man who 
can look you in the eye and tell you 
exactly which printed circuit connect- 
or you need. Objectivity. 

You won't hear Amphenol Sales 
Engineers telling you about perfect 
connectors. They don't have to. They 
know better. 

DETAILS, DETAILS 

If you’re really interested in seeing 
what a complete line of printed circuit 
connectors looks like, we invite you 
to write for our new 20-page catalog 
PC-1 . lust contact your local Amphenol 
Sales Engineer, or write to Dick Hall, 
Vice President, Marketing, Amphenol 
Connector Division. 1830 South 54th 
Avenue. Chicago 50. Illinois. 



Connector Division / Amphenol-Borg Electronics Corporation 



Aerospace planners find themselves with a number of poten- 
tial vehicle designs for any given mission. To avoid the 
multimillion dollar expenditures testing even a few of these 
would entail, industry has devised mathematical procedures 
that do the big job of weeding out the poorer designs. □ 
Douglas missile and space system mathematical simulation 
programs arc among the most advanced and comprehensive 
in operation today. The company’s researchers have 
developed a variety of procedures that “flight test” hyper- 

MATHEMATICAL MISSILES £;££££: 

...AND WHAT DOUGLAS IS DOING WITH THEM dons to intense heating and 
loading environments... even conduct “battles” between 
missiles. Another aid is a unique Douglas viewing system 
which allows relationships between various parameters 
(trajectories, et cetera) to be observed in three dimensions. 



Advanced mathematical short-cuts to better aerospace sys- 
tems arc among the numerous research programs in 23 broad 
technological areas now under way at Douglas. 

Major Douglas Divisions are located in Santa 
Monica and Long Beach, California, DOUGLAS 
Tulsa, Oklahoma, and Charlotte, North Carolina. 
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USAF Seeks New Microcircuit Techniques 


By Philip J. Klass 

Dayton-Air Force’s microcircuit re- 
search and development program is 
directed toward developing new ma- 
terials and techniques for an advanced 
generation of microcircuits and to ap- 
plying similar concepts to devices and 
equipment operating at microwave fre- 
quencies. 

Four years ago. the USAF Electronic 
Technology Laboratory (ETL) here 
sparked the microcircuit revolution by 
awarding contracts to Westinghousc 
Electric and Texas Instruments (AW 
Apr. 27. 1959. p. 5-1.) Today, there 
arc over a dozen microcircuit suppliers, 
not counting in-house facilities. 

Improvements in current microcir- 
cuits are assured by natural competitive 
forces and do not require Air Force 
funding, in the view of Dr. H. V. 
Noble. ETL's technical director. 

ETL Budget 

For this reason. ETL is spending its 
modest $4 million Fiscal 1963 budget, 
and plans to spend a similar total in 
Fiscal 1964, to explore more advanced 
materials and techniques which in- 
dustry otherwise might not pursue with 
its own funds. By Fiscal 1965. ETL 
hopes this new technology will be 
ready for USAF sponsorship of develop- 
ment of specific microcircuit functions 
leading to commercial availability of 
advanced functions. 

A breakdown of current and planned 
Fiscal 1964 microcircuit programs, ac- 
cording to Richard Alberts, chief of 
ETL’s molecular electronics branch, 
shows: 

• One-half of the total program is de- 
voted to exploring new materials and 
processing techniques for microcircuitry 
application. 

• One-third is aimed at applying a 
microcircuit functional concept to dc- 

• One-sixth is directed at investigating 
basic new materials, such as organic 
compounds, which have application 
both to semiconductor devices and to 
microcircuits. 

USAF has found that one of the best 
ways to advance microcircuit technology 
is to sponsor development of specific 
pieces of "microcircuit-sized” hardware, 
according to Alberts. This forces the 
microcircuit and equipment designers 
into closer liaison, requiring each to 
learn more about the specific needs 
and capabilities of the other. 


Frequently, this results in an entirely 

equipment designer would not otherwise 
know could be accomplished and which 
the microcircuit designer otherwise 
would not know was needed. 

For example, a contract to Texas 
Instruments to design and build an all- 
microcircuit telemetry encoder has re- 
sulted in the development of two new 
types of microcircuits, one an opera- 
tional amplifier and the other a d.c. 
differential amplifier. 

Another such "research vehicle” con- 
tract has just been awarded Texas In- 
struments to design and build an 
electro-optical digital computer. Pre- 
liminary company studies aimed at this 
objective have produced an optical mul- 
tiplex switch with near-perfect isolation 
between input and output and multi- 
plex offset voltages as low as a few 
microvolts. Alberts said. 

Westinghousc Electric presently is 
building a microcircuit version of an 
airborne infrared search-track system for 
delivery early next year. Previously, 
Westinghousc had built a microcircuit 
UIIF transceiver, the AN/ ARC-63, 
under ETL contract. Motorola recently 
received an ETL contract to design and 
build an all-microcircuit digital com- 
munication system. 


The molecular electronics branch here 
is devoting about one-third of its budget 
to research and exploratory develop- 
ment in the microwave end of the 
spectrum, which has been largely ig- 
nored previously, because of the large 
potential payoff in size, weight saving 
and improved performance. The ETL 
program includes all types of solid- 
state techniques that can be used to 
perform functions which presently re- 
quire electronic or electro-mechanical 
techniques. 

Microwave Tuner 

Loral Electronics Co., for example, 
is developing an integrated solid-state 
microwave tuner equivalent of an exist- 
ing electronic countermeasures receiver- 
tuner which needs a complex electro- 
mechanical linkage to sweep over the 
operating frequency band. Where the 
conventional ECM receiver requires 60 

from 7 gc. (kmc.) to nearly 11 gc., the 
new solid-state tuner is expected to 
sweep the same band in only one milli- 

Wlicrc the elcctro-mcchanical tuning 
head portion of the conventional ECM 
receiver weighs 184 lb. and occupies 
1.050 cu. in., the new Loral solid-state 
tuner is expeoted to weigh only 24 lb. 
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| Titanium’s i compatibility with ceramics makes 
rugged, light-weight parts for ultra-high temperatures 


One of the first practical examples of a 

in space: the Agena's ceramic-coated 
titanium rocket nozzle extension. 

Alone among structural materials, 
titanium has a coefficient of expansion 
(5.7 x I0- 6 in./in./°F) close to vitreous 
materials. This useful compatibility 
opens up many possibilities for tough, 
strong parts that can be subjected to 
ultra-high temperatures. Where before 
only unsupported graphite and ceramics 
could withstand the searing blast of 
rocket gases, re-entry and the like, it 
is now possible to mate ceramics to 
titanium. Results...? 

Take a look at the uncooled nozzle 
extension on the Agena. According to 


Bell Aerosystems Company, who 
designed and built the Agena engine, 
a base of titanium sheet coated with 
aluminum oxide was able to save 20 
pounds over the original unsupported 
graphite part. Yet it was able to give 
equal heat resistance and at the same 
time provide a significant increase in 
strength and ability to withstand rough 
handling. 

The uncooled titanium-ceramic noz- 
zle extension has increased nozzle area 
more than 100% over the previous 
model, contributing to an improvement 
in specific impulse and superior per- 
formance. The restartable Agena engine 
has become the workhorse of the Air 
Force’s Satellite Program, the Ranger, 
Mariner and other NASA programs. 
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and occupy only 43 cu. in. (see photo 
p. 81). Power consumption for the new 
device is expected to be only 11 w., 
compared with 500 w. for the conven- 
tional unit. In addition to these attrac- 
tive size, weight and power savings, 
Alberts predicts an important gam in 
reliability due to the absence of moving 
parts in the new design 
Increased Sensitivity 

Another feature of the solid-state 
tuner is the fact that because it con- 
tains a tunnel diode RF amplifier— 
where the conventional timing head has 
only a passive tuned cavity— the new 
device is expected to have vastly in- 
creased sensitivity of —122 dbin. com- 
pared with -69 dbm.. according to 
Alberts. This is equivalent to a 128- 
fold increase in distance at which sig- 
nals can be detected. 

Additionally, the new solid-state 
device will include microcircuit video 
amplifiers and a backward-diode video 
detector. These eliminate the need for 
a companion unit in the conventional 
design which is as large and nearly as 
heavy as the tuning head. Alberts says. 

The new solid-state tuner will use 
yttrium iron garnet (YIG) resonators 
whose energy absorption can be changed 
by varying the strength of the magnetic 
field applied to the material, pennitting 
electric tuning of the device. 

Other ETL-sponsorcd programs in 
the microwave field include a contract 
with Varian Associates for the develop- 
ment of a distributed tunnel diode 
oscillator which might be used to re- 
place klystron tubes. Also, Microwave 
Associates is investigating the P-I-N 
type diode for use as a power switch 
and perhaps as an oscillator. 

ETL Programs 

Programs which ETL is sponsoring 
in the area of advanced generation 
microcircuit technology include the 
following: 

• Hybrid microcircuits, using thin-fihn 
deposited resistors, capacitors and con- 
ductors deposited on a semiconductor 
microcircuit, arc being investigated by 
Motorola. The company is sharing the 
cost of the three-year investigation 
aimed at devising thin-film deposition 
materials and processes which are com- 
patible with materials and techniques 
used in fabricating silicon microcircuits. 
Hopefully, the hybrid thin-film/semi- 
conductor microcircuits could be fabri- 
cated in a continuous process without 
extensive out-of-vacuum handling. Ma- 
terials which Motorola is investigating 
include tin oxide and nichromc for 
resistors and alumina silicate for use as 
a capacitor dielectric. 

• Active thin-film devices, in which 
passive elements can be fabricated from 
the same material used to make active 
devices, is the objective of an in-house 



The receiver (top) includes a tiny speaker in 
taiiis a 6 v. battery. 


ETL investigation, a program sponsored 
at Electro-Optical Systems, Inc., Pasa- 
dena, and a new one to be awarded 
very shortly. Efforts to date have been 
based on tunnel emission-type ampli- 
fiers which do not appear promising at 
presait, Alberts said. The new program 
is expected to explore insulated-gate, 
field-effect transistors, also called metal 
oxide semiconductors. 

• Deposited thin-film single crystal both 
on semiconductor and non-semicon- 
ductor (foreign) substrates is under 
investigation with ETL sponsorship. 
Sylvania is seeking to deposit active 
silicon and gernisr.i-iiln devices on a 
glazed ceramic substrate, while Lear 
Sicglcr is working with gallium-arsenide 
and calcium-fluoride deposition on semi- 
conductor substrates. 

• Adaptive circuit elements which ex- 
hibit manory capability are being in- 
vestigated by Stanford’ University for 
possible use in self-adapting computers 
and systems. Earliest device developed 
by Stanford, an electro-chemical unit 
known as a ‘'memistor." changed its 
resistance by electro-plating action in 
response to “reward" or “punishment” 
signals applied to the device. A more 
recent Stanford development is a mag- 
netic core equivalent which has much 
more rapid learning (conditioning) time 
and docs not deteriorate with use. 

• Low-frequency acoustic amplifiers, 
consisting of a cadmium-sulfide crystal 
with piezoelectric crystals attached to 
either end, have been explored by Texas 
Instruments without too much success 
to date, Alberts said. However, during 
the course of this program, it was dis- 
covered that cadmium-sulfide which acts 
as a current limiter at low-current levels 
will break into oscillation when the 


applied voltage is increased to critical 
value. This may open the way to a 
new type of solid-state oscillator. 

• Organic materials electronic functions 
are being studied by Texas Instruments 
and RCA under an ETL contract, in 
the hope of developing organic semi- 
conductor devices and microcircuitry. 
The interest in organics stems from the 
fact that it is far easier to manipulate 
and custom-tailor their characteristics. 
If organic semiconductors should prove 
feasible, this would open the door to 
what could accurately be called “molec- 
ular electronics." 

Since the beginning of electronic 
technology', equipment designers have 
been trained to use the minimum possi- 
ble number of active devices (tubes, 
transistors, etc.) by substituting larger 
numbers of cheaper passive devices to 
reduce over-all equipment cost. 

The advent of microcircuitry is 
changing all this, particularly with semi- 
conductor microcircuits, where the cost 
of fabricating an active device is es- 
sentially the same as that for a passive 
device. It, therefore, becomes cheaper 
to use a maximum number of active 
devices if each active element can 
replace several passive devices. 

Basic Circuits 

This, however, requires the develop- 
ment of entirely new network synthesis 
and design techniques. For this reason, 
ETL is sponsoring a program at the 
University of California at Berkeley to 
investigate basic circuit functions from 
this fresh viewpoint, with emphasis 
placed on maximum use of active 

Whilc_£TL _ spokesmen ?onc6u6 
that the microcircuit revolution has 
moved faster and farther than they 
might have predicted four years ago, 
they emphasize that problem areas re- 

One is internal heat dissipation with 
component densities that can be 
achieved in microcircuit construction, 
according to ETL’s William Spaid. 
Another is the problem of electrical 
connections— both intra-connection of 
individual elements on a single sub- 
strate and inter-connection of a sub- 
strate with other substrates to form a 
complete subsystem. 

Spaid savs that methods must be 
devised to eliminate bonded wires which 
now are widely used to provide intra- 
connections and connections to the 
outside. One of the more promising 
techniques is to sputter gold conduc- 
tors onto the passivated silicon substrate 
to connect internal areas to a land-area 
around the circumference of the sub- 
strate to which outgoing connections 
can be welded. 

Eventually, a partial solution to the 
problem of interconnecting individual 
substrates (microcircuits) into subsys- 
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Lummus serves the Aerospace Industry 


From technical feasibility studies to detail 
architect/engineering and construction 
services, The Lummus Company serves the 
aerospace industry with a high degree of 
professional competence. Lummus' vast 
experience in the architect/ engineering 
and construction of nearly 1,000 major in- 
dustrial and process plants for industry and 
Government throughout the world has 

THE LUMMUS COMPANY ae 


created a staff knowledgeable in cryo- 
genics, metallurgy, liquid and solid propel- 
lants, nucleonics, chemicals, physics, radia- 
tion physics, high vacuum technology, and 
solar simulation. 
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For creative engineering, skillful project 
management, and on-time construction— 
consult Lummus. 






UNITED CONTROL is here . . . with a control programmer in production to move the Navy’s 
Polaris A-3 missile through its critical propulsion phases ... and with a programming capability to 
assure the successful launch of any missile against a distant threat to world peace. For the Polaris A-3, 
United Control teamed with its subsidiary, Palomar Scientific Corporation, to design and manufacture 
a compact sequencing package employing various complex instruments. Despite the complicated 
nature of this programmer, United Control has met or exceeded the stringent design and reliability 
specifications characteristic of the Polaris project. □ Here, as in the hundreds of control systems 
- msde ty is the key. For aid in solving the n|g» intricacies of flight and pro- 

pulsion, environmental and temperature controls, or sophisticated accessory systems and components, 
call United Control Corporation: serving the aerospace industry. . . where reliability counts! 



terns will come from improved micro- 
circuit immufiicturniE processes. This 
will permit fabrication of larger num- 
bers of components and circuits on a 
single substrate with good yields, ac- 
cording to Howard Stcenbcrgen. chief 
of the integration techniques section 
at ETL. 

A promising new technique for de- 
tecting discontinuities and other po- 
tential poor-quality areas on a semi- 
conductor microcircuit substrate has 
been devised by Westinghousc Elec- 
tric's research laboratory, under ETL 
contract. 

Improved Microcircuirry 

The new technique, which uses elec- 
tron-beam photography, also may apply 
to the fabrication of unproved quality 
microcircuitry, according to Stccn- 
bergen. 

Another possible solution to the 
intra-connection and inter-connection 
problem is the use of electro-optical cir- 
cuit functions in which small beams of 
light provide the mechanism for signal 
flow between elements of the micro- 
circuits. 

The discovery bv Lincoln Laboratory 
last fall that a gallium-arsenide diode 
would emit infrared energy when ex- 
cited by a voltage has spurred ETL 
interest in electro-optical techniques, 
particularly for digital functions such 
as computers. 

Although gallium-arsenide and sev- 
eral other more recently discovered 
semiconductor compounds can be made 
to operate as lasers, emitting coherent 
light. ETL's present efforts arc based 
on their use as incoherent light cmit- 


will sen e only as a research vehicle to 
evaluate basic optical computer tech- 
niques and develop suitable computer 
lo»c. 

There will not be any attempt 
to include such multiple-functions in 

One of the most promising potential 
advantages of an electro-optical com- 
puter is the ability to achieve high 
electrical isolation between input and 
output, permitting extremely high fan- 
out (cross-connections). This, in turn, 
should permit the construction of ex- 
tremely fast parallel-operation type 


The diode light source has extremely 
rapid turn-on time, on the order of one 
micro-microsecond (10 1 - Sec.). Full 
use of this rapid switching time is 
limited at present bv the considerably 
slower response time of photo-con- 
ductors. but there is hope for improv- 

An Air Force-sponsored investigation 
of solid-state light generation at Hew- 
lett-Packard Associates has resulted in 
the discovery of a new emitter material, 
boron-phosphide. 

Texas Instruments also is conducting 
research on light emitters under ETL 



A Leader Chooses the Leader 

...for the C-141 Air Force Jet Transport 


Semiconductor Materials 

Because semiconductor materials 
have both light-emission and photo- 
conductor properties, it should be 
possible to fabricate an electro-optical 
flip-flop within a single crystal. When 
a voltage is applied to one junction, it 
would emit light which would actuate 
the other junction, allowing it to con- 
duct current. 

Several months ago IBM announced 
the development of an optical transistor 
in which light serves as the charge 
carrier between junctions. 

This suggests the possibility of being 
able to fabricate a number of tiny 
light emitting junctions and photo-con- 
ductive junctions within a small piece 
of semiconductor material, with fan-out 
cross-connections provided by light. 

Flow of light within the crystal to 
desired junctions might be controlled 
by application of electric fields and use 
of impurity regions. Alberts said. 

Electro-optical digital computer 
which Texas Instruments will design 
and build for delivery next summer. 


"Look to Lockheed for leadership" says Lockheed. And, 
in selecting suppliers, Lockheed looks to the leaders for 
its sources for critical components. 

To assure reliable operation of the oxygen system in 
their new C-141 Air Force Jet Transport, Lockheed 
chose Puritan oxygen outlets and couplings. 

These units meet the new and improved standards for 
reliability, cleanliness, and ease of installation. For 
example, the line outlet nipple utilizes the principle of 
a saddle type valve and clamp assembly. Special flow 
control orifices may be incorporated into this unit to 
the requirements of the oxygen system. 

Puritan's ingenuity in designing high quality, reliable 
components, and our prototype and model shop facili- 
ties are yours for the asking. Your inquiry will be 
answered promptly. 

Puritan Equipment, Inc., 1703 McGee Street, Kansas 
City 8, Missouri... a subsidiary of Puritan Compressed 
Gas Corporation. 
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CAPABILITY BEATS SPECS 


This 15' dia. x 28' space environment chamber built by 
PDM for Los Angeles Division of North American Avia- 
tion, Inc., was designed to produce a vacuum of 5 x 10* 
Torr in four and one-half hours. In shakedown tests, it 
reached this level in two hours and ten minutes. It went on 
to reach 6 x 10 s Torr without an LNj shroud or bakeout. 

In addition to present performance excellence, provi- 
sions have been made for an LN 2 shroud and bakeout. 

Consult PDM on your space facility requirements. 


Twenty-five years of aerospace experience, including the 
design, fabrication and erection of the nation's largest 
environmental facilities are your assur- 
ance of peak performance efficiency. For 
details, phone, write or wire Pittsburgh- 
Des Moines Steel Company, Neville Island, 

Pittsburgh 25, Pa. Plants and Offices in 22 Cities 

PITTSBURGH-DES MOINES STEEL COMPANY 



NEW AVIONIC PRODUCTS 


• Oscilloscope recording camera, Series 
CA-300, can be converted from mul- 
tiple to single exposure and from Polar- 
oid Land to Graflcx cameras, with 
direct-viewing port to permit observa- 



tion of cathode ray tube during set-up 
and recording. Compressed and high- 
speed traces are recorded at 90% of 
full size. Device has sliding back with 
detented locking position to permit 
precision-spaced multiple exposures of 


:s per C! 


Mann 


facturer: General Atronics Corp.. 1200 
East Mermaid Lane, Philadelphia 18, 


• Optional beam splitter, for diverting 
measured portion of a laser beam while 
reflecting the rest, is available in two 
types. Model 421 transmits 1% of light 
in forward direction while reflecting re- 
mainder. Model 422 transmits %% of 
light and reflects 4%. Manufacturer: 
Maser Optics, Inc., 89 Brighton Ave., 
Boston 34, Mass. 

• KA-band parametric amplifier. Type 
KS-1, provides 10-db. noise figure and 
12-db. gain at a 700-mc. bandwidth, 
according to the manufacturer. Device 
consists of a KA-band to S-band down 



metric amplifiers with second-stage used 
as low-noise, wideband IE amplifier. 
Pump klystron is included in the pack- 
age. Input frequency nominally is 29 
gc. (kmc.) to 39 gc. Bulletin 63-5 gives 
added data. Manufacturer: Spacek 
Corp., Santa Barbara Airport, Goleta, 
Calif. 



NEW BINKS/RANSBURG 


R-E-A GUM 


a major break-through in finishing metal products 


Now you can buy a spray gun that 
gives you the speed and quality 
finish of air atomization . . . plus . . . 
the economy of Ransburg electro- 
static spray. The all-new, high-speed 
R-E-A gun applies a fine finish to 
metal and non-metal products ... in 
a variety of coatings. 
Hard-to-reach corners, recessed 
areas, or intricate patterns are no 
longer a problem with this new 
electro-air gun. You get a uniform 
finish, even in these former trouble 
spots, because air forces the paint 

Paint savings up to 50 % are possible, 
too. Electrostatic attraction literally 
pulls the paint to the product sur- 
face . . . overspray is practically 
eliminated. And the “wrap around” 
characteristic of electrostatic 
finishing cuts painting time to a 



Find out how purchasing this new 
R-E-A gun will cut your finishing 
costs. Write to the address below for 
complete details. 


I fllUlf ■ f . l i H i ' ua 

Blnks Manufacturing Company 3138 Carroll Avenue, Chicago 12, Illinois 
REPRESENTATIVES IN MAJOR U.S.AND CANAOIAN CITIES... AND AROUND THE WORID 
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EXTENSIVE PLANNED USE of microcircuits in Autonctics’ lightweight ground mode radar, the XR 45, is indicated by shading of each 
major block in this simplified block diagram. Shaded portions arc intended to include percentage of each block employing particular 
component part approach. For example, radar receiver will be comprised principally of thin-film microcircuits, the remainder being con- 
ventional solid-state components. Magnetron and display tnbe are the only non-solid state electronics parts in the system. 


Autonetics Designs Advanced Radar Line 


By Barry Miller 

Anaheim, Calif.— Advanced line of 
airborne navigation and attack radars 
intended for low-level, ground-mode 
missions aboard future high-perform- 
ance military aircraft is being designed 
and developed here by North American 
Aviation Autonetics’ Armament Con- 
trol Div., using extensive computer 
analysis as a direct aid in design. 

The new radars are being built with 
repeated use of about 20 different 
microcircuits, thereby cutting the num- 
ber of process steps by a factor of 100. 
This makes possible tighter manufac- 
turing control which is expected to 
shrink costs and boost reliability. 

Autonetics also is borrowing tech- 
niques such as computer analysis and 
prediction of component and circuit be- 
havior employed so successfully in its 
Air Force-sponsored, SI 00-million Min- 
uteman ICBM high reliability parts im- 
provement program (AW Dec. 12, 
1960, p. 99) and is applying them in 
the seemingly unrelated field of air- 
borne radar. The company is planning, 
for example, to employ in its new radar 
systems eight of the 19 basic semi- 
conductor microcircuits now in the 
early phase of development for possible 
use in the improved Minuteman pro- 
gram. The ultimate objective of this 
company-sponsored effort is airborne 
radar systems which are more reliable, 
more easily maintained, lighter and less 
expensive. 


This goal coincides with the increas- 
ing requirements for future military 
avionics systems, like Navy's VAX In- 
tegrated Light Avionics Attack Svstem 
(AW Apr. 1, p. 89). 

Autonetics currently is in the midst 
of breadboarding two families of new 
ground-mode radars. One of these is 
the XR 45, a multi-mode, pulsed sys- 
tem having contour mapping, high and 
low altitude ground map. terrain avoid- 

air-to-ground ranging capabilities. An 
air-to-air search mode can be added. 
One version of the XR 45 is being pro- 
posed to six leading systems manage- 
ment contenders in the VAX compe- 
tition. Another version has been 
proposed for the Integrated Helicopter 
Avionics System (IHAS). Other pos- 
sible applications identified by Auto- 
netics for this family of radars include 
the Interim VAX (INVAX), the CX-6. 
the Northrop F-5, the CX-4 COIN air- 
craft and Army’s new surveillance air- 
craft. Second group of radars is the 
XR 47, a single mode, pulsed automatic 
terrain following radar. This family is 
designed as a single mode radar which 
can be equipped with a manual over- 
ride for terrain avoidance. It is in- 
tended for those applications needing 
an ATF capability. These would in- 
clude backup to an existing radar al- 
ready having this capability, an addition 
to a radar like the APQ-72 on the Mc- 
Donnell RF-4C which lacks the ATF 
capability, and for use in low-flying 


missiles like the North American GAM 
77. 

The XR 45 will weigh less than 100 
lb. when assembled, including a para- 
bolic dish, gimballing and associated 
drive equipment, according to Auto- 
netics. This compares with a weight 
of between 250 and 275 lb. for a corn- 
arable system employed in certain 
igh-pcrformancc operational military 
aircraft. The less complex XR 47. on 
the other hand, will weigh less than 30 
lb. Mean time before failure (MTBF) 
for the multi-mode system, Autonetics 
says, will be an order of magnitude 
greater than the MTBF of the compa- 
rable operational svstem, which has an 
MTBF of between 40 and 50 hr. The 
MTBF design objective of the XR 47 
is several orders above that of the XR 
45. Confidence in its ability to attain 
these goals is based on its Minuteman 
experience, the use of microcircuits and 
the use of computers in circuit design. 
The design objective for the micro- 
circuits is a 10-year shelf life and a 
three- to four-year operating life. 

To reduce the present 10 to 15 hr. 
maintenance requirement for each hour 
of flight time of some airborne systems, 
a major effort is under way to simplify 
maintenance and replacement along 
with increasing reliability. Both radar 
families are modular in construction 
with assemblies at certain levels pack- 
aged separately in plug-in containers. 
The module level for the XR 47 (see 
photo p. 91) corresponds to specific 
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functions such as the ATF computer 
(two modules), the radar receiver, the 
transmitter, the power supply and the 
magnetron. 

Since these are plug-in parts, they 
can be replaced on the flight line by 
less skilled personnel than might other- 
wise be necessary. Faulty modules then 
would be returned to a central repair 
and maintenance depot, similar to the 
Air Force inertial guidance facility at 
Heath. Ohio. 

The radars arc being designed to 
eliminate field adjustments or "peak- 
ing" of individual circuits. This will be 
accomplished with components whose 
variations in time will not exceed tol- 
erances permitted by the circuits. A 

lowed m the Minuteman program. On 
the basis of computer analvsis and ac- 
celerated life tests the variations in 
parameters arc projected over a three- 
year period and only those components 
whose values would be expected to lie 
within allowed circuit tolerances at the 
end of the period arc used. 

In the Minuteman case, the stability 
of individual parts at the end of three 
vears actually exceeded expectations, ac- 
cording to Dr. William J. West, chief 
engineer for advanced engineering at 
Armament Control and former head of 
the Minuteman reliability program. 
West transferred to his present position 
about a year and a half ago and brought 
with him several key people from the 
Minuteman program, including Ray- 
mond ). Sonners, now directly involved 
with design of the new radars. 


Every component and circuit in the 
radar programs undergo extensive com- 
puter analvsis. Typically, each circuit is 
analyzed on a computer while engineers 
simultaneously correlate computer re- 
sults with working breadboards. The 
equivalent circuit for each active ele- 
ment is verified on the computer by en- 
suring that its gam characteristics match 


those observed with the breadboard de- 
vice. If a discrepancy occurs, a new 
model which will yield the observed 
gain characteristics is computed. Cir- 
cuit parameters and loads arc contin- 
nallv varied and gam characteristics re- 
plotted to observe effects. 

Near the end of the design run. when 
a suitable circuit has evolved, a Monte 



CO IF Amplifier USD Voltage Controlled CHi Filter 
Attenuator 



Wide-Bond 1 
Amplifier 


REPETITIVE USE of the same tapes of circuits throughout XR 45 is illustrated in block 

tion through detection. Note that only three circuit types arc employed here (above). 
Breadboard of this strip, using conventional components is shown (below) with a separate 
thin-lilm wideband amplifier corresponding to one IF amplifier. 
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there’s none smaller 


Nor is there an ETI that weighs less or draws less 
power. None is more accurate nor more reliable. 

Specifically? The new Elgin ETI weighs three- 
quarters of an ounce. It measures 1/2"x1/2"x1-1/16". 
It draws .5 watts at 115 volts— 400 cps. 

Take another look at your ETI requirements. Keep 
in mind that this new series 95C will equal the per- 


formance standards that have made Elgin ETI units 
the preferred elapsed time measuring devices. 

Send for complete technical data today. 


communications 


ELGIN national watch company 


Microminiature Airborne Computers 

Anaheim, Calif.— Family of microminiature airborne digital computers, one version 
of which was proposed in the ciment Navy competition for an integrated avionics 
package for the VAX fighter, was described here recently by officials of Autonetics 
Div. of North American Aviation, Inc. 

One device, the Monica C. is a 1-inc. clock rate central computer with an 8.192 
30-bit word random access core memory capacity. An additional scratch pad memory 
has a 256 30-bit word capacity and a cycle time of 1 microscc. Main memory cycle 
time is 6 microscc. and access time is one third of this. The main memory can be 
expanded to 32.768 words. 

Monica C logic and memory drive sections will employ 3.600 1-mc. transistor- 
transistor coupled logic semiconductor microcircuits now in development for it. 
These will be packaged in flat 1 in. x 4 in. packages mounted on both sides of multi- 
layered circuit boards. 

The machine's add time is 6 to 12 microscc.. its multiply time is IS to 45 
microscc.. and divide time is 106 to 112 microscc. It will weigh 25 lb., occupy 0.3 
cu. ft., and require 192 w. First company-sponsored flight test is planned for June 
of next year. 

A second computer, the Monica J. intended for navigation, guidance, flight control 
and radar scan assignments, is a somewhat simpler and smaller machine. A typical 
computer ol this type will weigh 10 lb., occupy 0.15 cu. ft., draw 50 w., and base 
a 1,024 12-bit word capacity. Like the new Autonetics radars (see story), it will use 
the Line, semiconductor microcircuits now being developed for the Minuteman 
ICBM guidance computer system. First flight of this system, according to the com- 
pany, wall he in November. 


Carlo program is run. Each component 
in the circuit is varied over its expected 
statistical distribution of characteristics. 
The computer program samples the 
distribution 500 times, in effect build- 
ing the circuit 500 times. In this fash- 
ion. circuit behavior is observed and a 
reasonable expectation of variation in 
production circuits, or yield, is deduced. 

In the circuit designs, an emphasis is 
being placed on feedback circuits where 
Ihc ratio of component values becomes 
more important than individual com- 
ponent values. 

Microcircuit Use 

An essential element in the design of 
tlie new radars will be the extensive in- 
troduction of microcircuits. These will 
reduce the number of processing steps, 
in both the plants of the vendors which 
supply some microcircuits, and at Auto- 

Reducing the processing steps bv a 
factor of 100 permits closer control in 
manufacture, according to West, and 
results in improved reliability and re- 
duction in costs. 

Semiconductor microcircuits are 
given top priority for use wherever they 
arc applicable and arc expected to be 
.nailable within the time span of radar 
equipment development, Minuteman 
semiconductor microcircuits are to be 
employed because their designs will be 
the culmination of much computer 
analysis and they are expected to benefit 
from accumulated reliability and manu- 
facturing knowledge. 

The designs will reflect a blending of 
semiconductor and thin-film microcir- 
cuits and conventional solid-state com- 


ponents. The only non-solid state parts 
will be the transmitting oscillator (mag- 
netron) and a display tube. 

Semiconductor microcircuits appear 
more extensively in the lower frequency 
digital portions of the radar, such as the 
digital range tracking unit, the pulse 
repetition frequency timer, the terrain 
avoidance computer and partially in the 
automatic terrain following unit. Where 
there are low frequency linear circuits 
in which the t-mc. semiconductor mi- 
crocircuits can be used, they are given 
preference over thin-film microcircuits, 
which require addition of individual 
transistors and diodes. In higher fre- 
quency portions of the radar that are 
amenable to microcircuits, such as the 
60-mc. receiver strip from the IF am- 
plifiers through detectors, thin-film 
microcircuits appear with some discrete 
components. In general, microcircuits 
are used Wherever possible. When they 
cannot be used, conventional solid-state 
components take precedence over po- 
tentially less reliable moving parts and 
vacuum tubes. 

Frequency Bands 

Both radar families can be designed 
for operation in different frequency 
bands-X. K„, K„ and C by using the 
appropriate magnetron and substituting 
a suitable RF head (circulator, mixer 
and local oscillator). 

As in the recent Navy VAX avionics 
competition, where Navy stressed need 
for a commonality among circuits— 
whether they appear in a radar or a 
computer— Autonetics is using a re- 
duced number of circuits repetitively 
throughout its radar systems. This 



SB3S N. Naomi SI., Burbank, Calif- ■ Victoria 9-6111 
Division of Bell Aero space C orporation 
-another lexlronl Company 
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commonality permits more thorough de- 
sign on fewer circuits, thereby reducing 
the initial development costs, according 
to Robert E. Ilovda, chief of advanced 
components at Armament Control. It 
would also simplify testing, mainte- 
nance, replacement and repair. 

System Components 

The XR 45, -West points out, will 
employ about 20 different microcircuits 
—eight semiconductor types carried over 
from Minuteman and 12 to 13 thin- 
fihn types. This represents a sizable 
reduction in circuit types from earlier 
radars, a typical one of which might 
have 1 3 or more designs for so common 
a circuit as a cathode follower. A single 
emitter follower (thin-film microcircuits 
with discrete transistor) will be used for 
impedance matching function in these 
new radars to replace the various cath- 
ode followers. 

Of Hie eight semiconductor micro- 
circuits, three are linear— a power 
switch, modulator/demodulator and a 
general purpose amplifier. The five 
digital types arc a control flip flop, 
counter flip flop, gates, logic and sam- 
pling hold circuit. Typical thin-film 
circuits include an IF amplifier, pream- 
plifier, video amplifier, emitter follower, 
multivibrator, ramp generator and cw 
oscillator. 

Thin films being used include ni- 
chromc resistors in values up to 500 
ohms per sq., normally however in the 
100 to 200 ohms per sq. range. Resist- 
ance tolerances of 5% can be tailored 
to 1 % by the use of evaporated conduc- 

Capacitors using gold as one plate, 
silicon oxide as a dielectric and alumi- 
num as the second electrode yield val- 
ues up to 0.05 microfarads/sq. in. Auto- 
nctics had developed new dielectrics 
using blends of silicon oxide and rare 
earth materials which have higher di- 
electric constants, making possible ca- 
pacitors in values of 3 to 10 microfarads 
per sq. in. Ceramic substrates arc used 
to take advantage of their good heat 

Vacuum Evaporation 

Vacuum evaporation processes are 
being developed with the objective of 
making possible four operations in a 
single cycle— depositions of resistance, 
conductance, dielectric and capacitor 
electrode. Capacitors probably will be 
fabricated in separate steps, however, 
to preserve purity in the operation. 

Autonetics also has been doing thin- 
film coil work, making small coils, 4 in. 
in diameter in values of 2 microhenries. 
Micro transistors and diodes for thin- 
film microcircuits probably will be pack- 
aged in hermetically sealed T051 cans. 

The autopilot coupler, which is not a 
direct part of the radar, also will use a 
hybrid combination of semiconductor 



EXPERIMENTAL Cassegrain antenna system 
for possible use in XR 45 airborne radar 
uses an inverted parabolic dish which rc- 
fonns RF energy received from feed and 
directs it against reflecting plane which con- 
tains grid structure twisted 90 deg. The lat- 

flects them back through the parabolic dish, 
microcircuits and conventional compo- 

Autonetics says that reduced testing, 
repetitive use of a smaller number of 
common circuits and the reduction in 
process steps will be responsible for siz- 
able cost savings. While reluctant to 
put a specific price tag on any system 
in either family, it does indicate that 
the XR 45 will sell for somewhat less 
than S 30.000, compared with about 
S60.000 to S70.000 for a typical existing 
fire control system. 

Antenna Designs 

A number of unusual antenna de- 
signs arc being explored for possible use 
in XR 43 systems, although a parabolic 
dish is the most likely choice initially. 
One new technique (see photo above) 
uses a type of inverted parabola in a 
Cassegrain array. RF energy fed into the 
inward facing parabolic beam fonner 
is reflected back against a reflecting 
plane on which is located a one-wave- 
length spaced grid which is tilted 90 
deg. This changes the plane of polariza- 
tion of the signals which then can be 
reflected back through the parabola. 
The system pennits scanning ±60 deg. 
in azimuth, ±20 deg. in elevation. 

Other features of the XR 45 include: 
• Self test— Provision is being made for 
injecting low voltage, magnetron fre- 
quency signals into the waveguide of 
the equipment between transmission 
and receipt of pulses during flight as a 
self test measure. Responses are com- 
pared with programed solutions of the 
ATF problem and should there be any 
discrepancies, the aircraft will be pro- 


gramed for an automatic pullup. The 
pilot also will have a manual switch 
with appropriate selections for making 
go-no-go checks in each mode. 

• Isolation from aircraft environment— 
All components are situated in modules 
sealed from aircraft cooling. Air ducts 
provide for passage of cooling air. 

Photographs of the XR 47 mockup 
indicate some of the simplifications in 
hardware which have resulted in sub- 
stantial weight savings. The radar an- 
tenna is a flat plate, electronically 
scanned system which is part of the 
mounting structure. This type of an- 
tenna has eliminated servos and only 
one moving part, an on-borcsight me- 
chanical phase shifter, remains. Elec- 
tronics weight has been halved by using 
microcircuits and accounts for only 6 
lb., about 20%, of the system's total 
weight. Cabling and cooling weights 
also were reduced, as were those of the 
power supply and an all-solid-state trans- 
mitter. 

r oronnr' ■ 
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► Miniature ASR/PAR Radar-Small 
air-transportable radar seen atop the 
island of the USS Kcarsarge during re- 
cent MA-9 spacecraft recovery was the 
new AN TPN-8. an extremely light- 
weight combination air surveillance and 
precision approach radar developed bv 
Gilfillan. 

► Computer Translates Chinese-Ex- 
perimental system for automatic ma- 
chine translation of Chinese to English 
has been demonstrated by International 
Business Machines Corp.’ System, devel- 
oped under Rome Air Development 
Center sponsorship, enables a non- 
Chinese speaking operator to encode 
6.500 different Chinese characters using 
a typewriter keyboard in which three 
keys must be struck in sequence to de- 
fine one character. System capacity can 
be expanded to handle 16,000 char- 
acters or more. IBM says. 

►EIA Makes Avionics Survey— Quar- 
terly market survey of the avionics in- 
dustry lias been undertaken by Elec- 
tronic Industries Assn, to obtain data on 
factors’ sales billed and orders received 
during calendar year 1962. Types of 
avionics equipment for which data will 
be sought include: communications, 
navigation and guidance, navigation- 
communications combinations, flight 
control and guidance systems, radar, test 
equipment, and miscellaneous gear, such 
as radio altimeters and flight recorders. 
EIA seeks participation of all avionics 
manufacturers including non-members 
of the association. Individual company 
figures will be kept confidential, with 
EIA releasing over-all industry totals. 
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INFINITY. . . A reasonable description of the number of types, 
sizes and shapes of molybdenum and tungsten now offered you by 
General Electric. Also available... "infinite" application assistance. 


ftogrtss k Our Most Important Product 

GENERAL © ELECTRIC 


NOW GENERAL ELECTRIC GIVES YOU THREE CLASSES OF MOLY SHEET 


General Electric is your only source for three classes of molyb- 
denum sheet with specified reproducible mechanical properties. 
Made by the powder metallurgy process from pure molybdenum 
metal, they are available in thicknesses from 0.005 through 
0.1875 inches and widths through 24 inches. All three classes are 
made from the same high quality 99.9% pure molybdenum metal. 
Planned variations in processing result in three classes of 
finished material, each suited for a general area of application 

CLASS 100— Highly engineered, precision- 
rolled molybdenum sheet with specified 
reproducible mechanical properties. Proc- 
essed for optimum strength and ductil- 
ity characteristics at room temperature. 

Recommended for demanding applica- 
tion requirements such as difficult deep 
drawing and severe die forming. Avail- 
able in widths from 1/8 through 12 inches. 


depending on such factors as mechanical properties, toler- 
ances, finish and flatness. 

This means you can now select the class best suited to the 
needs and requirements of your application and be assured 
that the sheet you order next month or next year will be the 
same as you order tomorrow. You specify and buy the quality 
your application demands! G-E engineers will help you choose 
the best suited for your use. The three classes are defined below. 

CLASS 300 — Molybdenum sheet with 
limited, specified reproducible mechani- 
cal properties. Recommended for simple 
forming and blanking operations where 
mechanical properties, tolerances, finish 
flatness of less critical limits are 
required. Available in widths from 1/8 
through 24 inches. 


CLASS 200-General purpose molybdenum 
sheet offered with specified reproducible 
mechanical properties. Recommended 
for less demanding applications where 
the more highly defined mechanical 
properties of Class 100 are not needed. 
Available in widths from 1/8 through 24 


General Electric's three classes of molybdenum sheet are described in 
Product Data Sheet 2400-d. Write for it today. 


GENERAL ELECTRIC TUNGSTEN /MOLYBDENUM 

pressed and sintered products . . . 


BASIC FORMS— Sintered moly rounds up 
to 12" diameter, tungsten to 9" diameter. 
Minimum density for tungsten: 92%, for 
moly: 95%. Other basic forms of tungsten 
and moly can also be made: squares, 
wedges and rectangles. Maximum cross 
section is that which can be inscribed in 
a 12" circle. Lengths go up to 50 inches 
depending on cross section dimensions. 



PREFORMS— General Electric engineers 
are ready to provide infinite assistance to 
help you use a tungsten or moly preform 
in your high temperature applications. 
For direct machining or forging, the pre- 
form approach may be best for you for 
utility and more efficient use of metal. 
Let our engineers tailor moly and tungsten 
to your specific shape. 


powder, wire and rod products . . . 


METAL POWDER— Tungsten and molyb- 
denum metal powders of 99.9% minimum 
purity are available from General Electric 
for almost any application requiring these 
metals in powder form. They are pro- 
duced by the hydrogen reduction of high 
purity compounds produced by chemical 
purification of tungsten ore and molyb- 
denum trioxide. Integration of manu- 
facturing steps back to these basic 
starting materials is a key to high quality. 

Hydrogen-reduced tungsten metal 
powder is available in a wide range of 
sixes. For example, you can get it with an 
average particle diameter (as measured 
on the Fisher Sub Sieve Sixer) of less than 
one micron and all the way up to 50 
microns! Granular tungsten metal powder 
can be made to any reasonable sieve 
sixe. Carbide . . . infiltrated electrical 
contacts . . . plasma spraying . . . these 
are applications well handled by G-E 
tungsten powder. Want a high pressed 
green strength powder where your press- 
ing pressure is limited or you can't use a 
binder or you must have resistance to 
breakage or abrasion? General Electric 
has one that's tops! Is your application 
such that a tailor-made powder is re- 
quired? General Electric can probably 
custom produce one for you. 


from stock in the sixe range from 3V6 
through 6V4 microns by the Fisher Sub 
Sieve Sixer. Finer or coarser sixes can be 
custom made. G-E moly metal powder 
has found wide acceptance for use in 
plasma spraying, pressing and many 
other applications. What's your applica- 
tion for this refractory metal? 



basic products of General Electric. With 
an historic background of supplying wire 
for our own electric lamp filaments and 


parts, General Electric is well equipped 
to supply wire and rod in almost every 
sixe and surface finish. 

Tungsten, offered in self contained 
coils or on spools, is available as wire in 
sixes from 0.0002" through 0.100" in 
diameter. A General Electric first, 3-D 
alloy wire (tungsten/3% rhenium), is 
available for critical jobs in lamps and 
electronic tubes. Tungsten rod issupplied 
in straight lengths in sixes from 0.040" 
through 1.000" in a cleaned finish and 
through 0.970" in a ground finish for 
automotive contacts, seals through hard 
glass, fasteners and other interesting 
applications. Tungsten rod in the form of 
electrodes for tungsten inert gas (TIG) 
welding are G-E products, too. 

Molybdenum wire is supplied in the 
diameter range from 0.0012" through 
0.250". This product is "drawn” molyb- 
denum with a circular cross section and 
is shipped in self contained coils or on 
spools. Moly rod, shipped in straight 
lengths, is supplied in diameters from 
0.030" through 1.250" In either a cleaned 
or ground finish. Glass-melting electrodes 
in the popular 1 Vt’ diameter sixe are 
offered, too! 


2 x8' TUNGSTEN /MOLY 
SHEET & PLATE WIDEN 
DESIGN HORIZONS 

General Electric scientists and engineers 
have developed new processes for rolling 
tungsten and molybdenum into repro- 
ducible sheet and plate, up to two feet 
wide. A bank of new rolling mills has been 
designed specifically for the flat rolling 
of refractory metals. Now fully installed 
and operating, they give General Electric 
unique capabilities in the supply of 
tungsten and moly in widths up to two 
feet. Where can you use wide refractory 
metals in your designs? Write now for 
complete data. 


CAPSULE SPECS FOR FLAT ROLLED PRODUCTS 


PRODUCT FORM 


AVAILABILITY 








Thicknesses— 0.005 through 0.1875 in. 
Widths— V4 through 24 in." 

Lengths— up to 8 ft. 

Thicknesses— 0.188 through 0.800 in. 
Widths— 1 through 24 in." 






Thicknesses— 0.005 through 0.1875 in. 
Widths— '/■ through 24 in." 

Leng ths— up to 8 ft. 

Thicknesses— 0.188 through 0.800 in. 
Widths— 1 through 24 in." 

.engths— up to 8 It." 

Thicknesses— 0.005 through 0.1875 in. 
Widths— 'A through 24 in." 

.engths— up to 8 ft. 

Thicknesses— 0.188 through 0.625 In. 
Widths— 1 through 24 in." 

Lengths— up to 8 ft." 


PRODUCT POSSIBILITIES EXTEND TO 


THICK-WALL TUBES AND CRUCIBLES 
General Electric can make straight, longi- 
tudinal holes down the center of PS Moly 
or PS Tungsten as tiny as Va inch. Tubes 
are available in O.D. sixes up to 12 inches. 
Maximum I.D. for any pressed tube is 
three-quarters of the O.D. Thinner walls 
may be available by machining. Lengths 
to 50 inches depending on diameter. PS 
tubes are used as furnace susceptors, 
electrodes in vacuum arc melting, missile 
hardware and other applications. General 
Electric's unique hydrostatic pressing 
technique lends itself to crucible forms, 
available in O.D.'s up to 12". 


VACUUM METALLIZING WIRE AND IMPORTANT PHYSICAL PROPERTIES OF TUNGSTEN AND MOLYBDENUM 



and filament catalog. 






NEW RCA ADVANCES IN FERRITE TECHNOLOGY 
EXTEND MEMORY STACK CAPABILITIES 


RCA offers Wide-Temperature-Range Stacks... Microferrite Stacks... Temperature Controlled Stacks 
...Conventional Memory Stacks... in virtually any configuration to meet today’s computer demands 



RCA’s versatile line of memory stacks now in- 
cludes sizes from 256 words by 8 bits to 16,304 
words by 32 bits, with ferrite cores from .030" 
to .080" O.D. for system speeds as fast as 375 nsec. 

RCA stacks can be supplied in a wide range 
of configurations and operating characteristics 
to meet your design needs, including types de- 
signed to meet stringent environmental specifi- 
cations for shock and vibration. In addition, you 
can select from a broad range of plane construc- 
tions— new molded epoxy, phenolic, and printed- 
circuit types, or aluminum types designed to 
meet MIL specifications. All RCA stacks are 100 
percent dynamically tested to assure dependa- 
bility under actual operating conditions. 


RCA WIDE-TEMPERATURE-RANGE 
STACKS COVER 80°C SPAN 


New RCA wide-temperature-range 
ferrite cores permit the construction 
of planes and stacks that operate over 
any 80°C range within the limits of 
— 60°C to +125°C without peripheral 
temperature-control equipment. In 
those applications where small size, 
minimum weight and reduced periph- 
eral equipment are required, these de- 
vices can help you achieve vital space 
and cost savings. 



RCA CONTROLS STACK TEMPERATURE 
TO WITHIN ±2°C OVER A 120°C RANGE 

RCA Memory Stacks, temperature- 
controlled within ±2°C are designed 
to meet MIL Specifications. Available 
in conventional or high density pack- 
ages, these stacks can be utilized where 
specifications call for conventional core 
operation over extreme temperature 
ranges (up to a 120°C span). 


RCA’s EXCLUSIVE MICROFERRITE 
STACK ACHIEVES 65 nsec. SWITCHING 

New RCA microferrite memory stacks 
complete a full read/write cycle in 300 
nano seconds with less than 350 ma 
driving current and bit outputs of 50 m v. 

These revolutionary word-address 
systems, using proved ferrite cores, 
achieve packing densities to 2,000 bits 
per cubic inch. Available in multiples 
of 32 words by 32 bits. 


RCA CONVENTIONAL MEMORY STACKS 
MEET LOW-COST REQUIREMENTS 

RCA conventional memory stacks may 
be used where temperature extremes 
are not a critical problem, but where 
RCA's high quality and reliability are 
required at lowest possible cost. Hun- 
dreds of these stacks are now in use 
with an outstanding record of relia- 
bility. 


Service: Your local RCA Semiconductor and Materials Division Field Representative 
is prepared to provide a completely coordinated application service, covering ferrite 
cores and memory systems, and semiconductor devices. Call him today. For further 
technical information, write RCA Semiconductor and Materials Division, Memory 
Products Department, Section FA6-3, 64 “A” Street, Needham, Mass. 


THE MOST TRUSTED NAME IN ELECTRONICS 
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AERONAUTICAL ENGINEERING 


MOCKUP OF HF8.320 twin-jet executive aircraft shows high T-tail with faired body and jet pods overlapping wing roots. Wings have 
been swept forward 15 deg. Note that landing gear housing has been installed under the wing. 


HFB.320 Modified to Boost Performance 


By Warren C. Wetmorc 

Hamburg, Germany — Wind-tunnel 

testing in four nations— Germany, the 
Netherlands, Spain and Switzerland— 
has caused a number of modifications 
to be incorporated into the basic design 
of Hamburger Flngzeugbau's HFB.320 
“Hansa” twin-jet executive aircraft. 
Changes reflect the company’s desire to 
boost performance while maintaining 
a competitive price in the crowded ex- 
ecutive jet market. 

Production schedule has been main- 
tained despite these changes, which 
have been effected since the first design 
details were announced last year (AW 
May 14, 1962, p. 131). Rollout of the 


first of two prototypes is slated for 
next October, to be followed by taxiing 
and aborted take-off tests prior to the 
first flight near the end of November. 

Most apparent modification is the 
incorporation of area ruling in con- 
junction with fairing of the fuselage- 
mounted main landing gear housing. 
This alteration was made after 1 /12- 
scale model tests were conducted in 
the transonic tunnel at the NRL Insti- 
tute in Amsterdam. 

Measurements of local stress distribu- 
tions in the wings were also carried out 
at this facility. 

Less obvious is the replacement of 
the two aft-mounted Pratt & Whitney 
JT12A-6 turbojet engines contained in 


the original specifications bv General 
Electric CJ610-1 engines. 

A Hamburger Flugzeugbau official 
cited the following reasons for this 
change: 

• Lower cost of the CJ610-1— amounting 
to more than SI 0,000 per engine-for 
approximately the same performance. 

• Lower specific fuel consumption than 
the JT12A-6. 

• Greater thmst-to-weight ratio for the 
GE engine. 

• Size of the GE engine is smaller, both 
in cross-sectional area and in length. 

Adoption of the 2,850-lb.-thrust 
CJ6I0-1 resulted in a redesign of the 
nacellcs-decrcased cross-section and 
length— and their pylons. Engines now 
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MB introduces SWEEP RANDOM- 
a new, low-cost method of random vibration testing 



MB Electronics now offers indus- 
try the Narrow Band Sweep Ran- 
dom system. This new technique in 
random vibration testing is designed 
to create stresses and accelerations 
at all levels similar to those provided 
in the more expensive wide band 
random test. It is easy to operate 
and inexpensive enough to be used 
with the smallest simulation test 
system in general use today. 


The new MB Sweep Random meth- 
od reduces the total f orce requ i red for 
wide band testing by sweepingslowly 
over the frequency range with an 
intense narrow band excitation, in 
contrast to the low acceleration den- 
sity excitation of the wide band test. 

This results in a reduction of from 
one third to one half the force rat- 
ings heretofore required for simu- 
lated random vibration tests. Con- 


siderable cost savings are also rea- 
lized with this new MB system. 

The MB Sweep Random system is 
ideally suited for testing components 
and sub-assemblies of systems which 
might be given a final qualification 
test by wide band random techniques. 

For more detailed information on 
the Sweep Random system write to 
MB Electronics, 781 Whalley Ave., 
New Haven 8, Conn. 


are located farther from the fuselage, 
a modification which Hamburger Flug- 
zeugbau says will yield a more favorable 
pressure ratio at tire inlets. 

Aerodynamic fences on the wing 
about midway between root and tip 
have been added in the current design 
and. for simplicity, the drooping slats 
on the outboard leading edge were 
deleted. Inboard leading-edge slats 
have been retained, however, as well 
as the spoilers located at about 1-chord 
on the upper and lower surfaces of the 
1 vdeg.-forward-swept wing. Double- 
slotted flaps on the trailing edge are 
extendable to 50 deg. for take-off and 
60 deg. for landing. 

Optional Devices 

Company plans to include other 
optional high-lift devices on later pro- 
duction aircraft. These devices will be 
made available to carlv buyers in retrofit 
kits. 

Over-all length of the IIFB.520 has 
been increased from 51.4 ft. to 54.5 ft. 
for added stability. Height is now 15.6 
ft., compared with 14.5 ft. in the 
original design. 

Enlargement of the tip-tanks to 112 
U. S. gal. to increase the aircraft's range 
in conformity with U. S. market require- 
ments resulted in a forward shift of 
the tanks' centcr-of-gravity. Horizontal 
fins have been added to offset this 
destabilizing effect of the larger tanks 
and to decrease gust load-induced aero- 
dynamic torques on the wings. Fins 
also will act as flutter dampers, accord- 
ing to the company. 

Capacity of the i 5S-gal. central fuel 
tank— located between the two wing 
spurs passing through the fuselage be- 
hind the passenger cabin-is unchanged, 
but that of the integral wing fuel tanks 
has been increased to 297 gal. each. 
Aggregate effect of these changes is to 
boost the total fuel weight from 6.54S 

off weight from 16.554 lb. to 17.640 lb. 
Increased Range 

Still-air range for IFR flight by the 
six-place version has increased to 1.652 
mi., with reserves for a 95-ini. diversion 
flight plus 50 min. holding at 20,000 
ft., with 5C- of the total fuel remaining 
on landing. Calculated IFR range with 
similar reserves was 1.491 rnph. in 
the original design. 

"Economical" cruise speed also is 
higher— 455 mph. as opposed to the 
591 mph. cruise speed for which the 
1.491 -mi. range was reckoned in the 
original design. “High” cruise speed for 
the 12-passenger feeder-liner configura- 
tion is now quoted at 506 mph., an 
increase of 1 1 mph. 

Service ceiling of the aircraft with 
both engines operating is 59.000 ft. at a 
weight of 1 5.450 lb. 

Other wind tunnels involved in test- 


NEW SERVOS AND AC 


SUPPLIES UPGRADE 

. 

/ 
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GYRO TESTING! 

f-fessU „ 
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...... impletely transistorized and c 

tailored to individual specifications. Delivery within 45 days. 

Gyro Table Servo (Model 101B) ... for controlling table position during gyro 
drift measurements . . . includes high power output stage. Requires no 
motor-generator set. Frequency range — 400 to 10 kc — accommodates wide 

* - ''-tic stiffness — 2000 to 5000 ft/lb/m rad — results in high 

ro for gyro time constants 


using loop around integrating gyro during 
chopper stabilized DC amplifier for high 


from 0.5 to 

Tumble Servo (Model 103) 
tumble or static tests . . . features 
gain and low drift. 

PIGA Servo (Model 102) 

’■■■ ’issipation-limiieu au-uaua 

!l Supply (Model 200A) has amplitude stability of 0.01% for 20C 
nours. used to supply power to 2 or 3 phase gyro wheel motors. 

Microsyn Supply (Model 202A) is an amplitude stabilized AC amplifier foi 
exciting microsyn signal generators, resolvers and mdustosyns. 

Write Today for product bulletins and prices on any or all components . . 
225 Binney Street, Cambridge, Massachusetts. 



All 181 channels at the flick of a switch 
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On October 10, Canaveral had a problem: 
low temperatures were making lox fillers fail 
during missile loading, resulting in 
contamination of the missile’s oxidizer. 


On October 11, we were called in. Two weeks 
later, we had licked the problem and 
designed, manufactured, and delivered 
the new filter units. 


What’s your problem? 


We don’t solve every filtration problem in two weeks. But we know our business, and 
we have the most extensile facilities for filtration research, development, testing, 
design, and production. Can we help you? Our phone number is 401-726-1950. 


FRAM AEROSPACE 





ing the HFB.320 design include those 
at the Max Planck Aerodynamics Re- 
search Institute (AVAG) in Goettingen, 
Germany: the Swiss Federal Govern- 
ment facility at Emmingen; and the 
National Aeronautical Technology In- 
stitute (INTA) in Madrid. 

An airframe cell for static stability 
testing and a partial airframe are also 
under construction. Hamburger Flug- 
zcugbau plans to conduct 15.000 hr. 
of hydrostatic cycling at up to twice 
the normal pressurization differential— 
8.5 psi. — the equivalent of 50,000 to 
80,000 flying hours. 

Steering Tests 

Tests on a full-scale functional model 
of the HFB.320 fuel system are under 
way, and parts of the steering have been 
tested with regard to clearance, stiffness 
and rigidity. Heat isolation for the 
cabin and dc-iccrs also has been 
investigated. 

Ccneral Electric will conduct 1 50 hr. 
of tests on the Snecina annular cascade- 
type thrust reversers, which will be 
optional equipment. 

In addition to General Electric, the 
major HFB.320 subcontractors include: 

• Fokker (Amsterdam)— wing design. 

• Sicbcl (Donauworth)-wing produc- 

• CASA (Madrid)— empennage, flaps 
and ailerons. 

• llispano Suiza (Paris)— landing gear 
and hydraulic system. 

• Flight Refuelling (Blandford, Eng- 
land)-fuel system. 

Fuselage construction at Hamburger 
Flugzcubau's main plant here is nearly 

Company estimates that the total 
cost for the development of the HFB- 
.320 through the first flight trials will 


be S4.05 million, of which approxi- 
mately 20-25% will be borne in varying 
amounts by the subcontractors and 
suppliers. 

Hamburger Flugzcugbau still is hop- 
ing for official government support in 
the form of a share of the S7.6-million 
Gennan Federal Republic budget ap- 
propriation earmarked for subsidizing 
aircraft research, design and prototype 
fabrication. The measure is said to be 
making "good progress” in the Bunde- 
stag, lower house of the West German 
parliament, but it is not yet known 
whether the funds will be available 
before the end of the year. 

Purchase price of the I1FB.320 is 
currently quoted at 5505,000 to S635,- 
000— depending on the optional equip- 
ment desired— if 1 50 are produced. 
Firm Orders 

To date three firm orders for the 
aircraft have been received, all from 
private companies within Germany, and 
others are being negotiated. Several 
non-European air forces are said to 
have expressed interest in the HFB.320. 

Hamburger Flugzcugbau has been 
negotiating with the U.S. Federal 
Aviation Agency and its Gennan coun- 
terpart. the Luftfahrtbundcsamt. for 
certification of the HFB.320 in the two 
countries. Certification tests will be 
conducted at the Gennan Aerospace 
Research Institute (DFL) in Braun- 
swager. 

Delivery of the first production air- 
craft is scheduled for the end of 1964, 
which will probably be later than such 
potential rivals as the Dassault Mvsterc 
20 and de Havilland Dll. 125. 

European sales of the HFB.320 will 
be handled by the Travelair Group, 
which has facilities in Gcnnanv. Bel- 
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PARTIALLY COMPLETED FUSELAGE of the first of two flying HFB.320 prototypes is 
shown. Final assembly and rollout of the executive jet arc scheduled in October, with the 
first flight to take place at the end of November. 


giuni. Sweden. Austria and Spain. 
Travelair is the European distributor for 
Beech Aircraft Corp. 

Company also hopes to interest some 
"well established" U.S. firm in the 
final assembly rights, and is presently 
conducting negotiations to this end. 

No insurmountable problems have 
arisen thus far from the unconventional 
forward-swept wing, nor are any antici- 
pated during flight testing. 

Torsion-box construction of the wing 
—consisting of the two mainspars 
covered on top and bottom with rolled 
tapered skin— possesses the high tor- 
sional rigidity required to preclude 
aileron divergence and aeroelastic in- 
stability in this sort of wing. Airfoil 
designation is NACA 65A-1 .5-1 3 at the 
root and NACA 63A-1.8-11 at the tip. 
Incidence is I deg. 

Fuselage is conventional circular cross- 
section semi-inonocoque constructed of 
24-ST aluminum. 

Control forces for the rudder, eleva- 
tors and ailerons are transmitted within 
the fuselage by means of rotating 
shafts. This method is said to give a 
high degree of accuracy without stiff- 
ness or backlash, as well as being rela- 
tively insensitive to acceleration and 
fuselage deformation. Push rods are 
used as connectors inside the wings and 
empennage. Control boost system is 
unnecessary, the company contends. 

Full-scale, fully-equipped mockup of 
the seven-passenger version was ex- 
hibited here and also was on display 
at the Paris Air Show. 

Premium on space inside the 372- 
cu. ft. pressurized volume of the air- 
craft has dictated the 5 ft. 10 in. cabin 
headroom and rather narrow passage- 
way leading to the cockpit. 


This has prompted several space-sav- 
ing measures. For example, the door 
to the lavatory' compartment immedi- 
ately forward of the entrance door on 
the port side is molded to form one 
comer of the compartment. Galley bar 
containing a small electric refrigerator 
folds down into the cockpit passageway 
and is located on the starboard side 
between radio rack and coat closet. 

However, in the 6 ft. 3 in.-wide ca- 
bin there is ample space and legroom, 
both in the rear three-seat couch and 
in the four seats arranged around two 
tables. 

Indirect cabin lighting is located in 
continuous strips above the windows 
along cither side of the cabin. 

Access to the 46-cu. ft. pressurized aft 
baggage hold— which was filled with 
luggage in the mockup— is through a 
door behind the rear couch, which may 
be folded down. 

View through the four 11 x 16-in. 
oval windows along either side is un- 
hindered by the wings. 

Cabin appointments were designed 
with specific regard to American tastes, 
according to one company official, al- 
though there are a number of alternate 
design schemes available. 

Standard avionics equipment in the 
HFB.320 will include two VHF ra- 
dios, VOR/ILS navigation system, 
marker beacon receiver, ADF system, 
gvro compass, stand-by compass, auto- 
pilot X-band weather radar and an inte- 
grated instrument system for the pilot. 

Optional equipment includes back- 
up gyro compass, VOR/ILS and ADF 
systems; DME system; ATC trans- 
ponder; K-band Doppler radar; HF and 
UHF radios, and an integrated instru- 
ment system for the pilot. 
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Cubic offers first solid-state, 10-watt and 2-watt 
telemetry transmitters to meet full IRIG standards 


Cubic’s new Type IV Telemetry Transmitter is the first all solid-state, 
2-watt airborne unit to meet all the standards established by the Inter- 
Range Instrumentation Group. Rugged construction is employed through- 
out, including use of a casting for the chassis and internal r-f shielding. 
The Type IV measures 5" x 311" x 2H", weighs only 28 oz., and is suit- 
able for all missile environments. It has been selected for use on a major 
satellite series. 

Cubic Type IV is a crystal-controlled, frequency-modulated transmitter 
for the 225-260 me range. It exhibits the low power drain and long life 
required for space vehicle applications. A Type V Transmitter, measur- 
ing 5" x 311" x 4Ja'' and weighing only 56 oz., is also available. It provides 
10-watt output by means of additional stages of amplification. 

These new telemetry transmitters are available for fast delivery. For 
more Information, write to Dept. B-154. Cubic Corporation, San Diego 
23, California. 

LEADER IN INDUSTRIAL, GEODETIC AND A 


SPECIFICATIONS 


TYPE IV TELEMETRY TRANSMITTER 

Size: 5"x3!i"x2S" 



29 VDC 

Deviation sensitivity: for 5V peak- 
to-peak input signal ±120KC 
(Selectable ±60KC, ±30KC) 
Temperature: — 30°F to +165°F 
Mod. Freq. Resp.: to 100KC 
Shock: 30G 

Vibration: up to 15G at 3000 cps 
Altitude: up to 8 X 10-”/in. Hg. 


CUBIC 

CORPORATION 

SYSTEMS DIVISION 


EROSPACE ELECTRONICS 







SOMETHING like ORviMp 

fc AND WILBUR 



They started with a concept. It's been refined to say the least. Hexcel started with a concept 
too — the honeycomb configuration (highest strength-to-weight ratio known and other excellent 
properties). We have also seen some refining. 

Take rockets and space vehicles for instance: 

SOME HEXCEL HONEYCOMB APPLICATIONS— L Ablative Heat Shield Matrix (heat resistance 
and structure) 2. Capsule Energy Absorption (couch, equipment, attenuator struts) 3. Common 
Bulkheads (structural strength, insulation) 4. Large Sandwich Cylinder Structures (at least 25% 
more efficient than monocoque) 5. Stabilizing Fins (near-zero deflection) 6. Propellant Motors 
(honeycomb for structure) 7. Nozzles (vibration damping, strength) 

Hexcel Materials In: Saturn, Titan, Atlas, Centaur, Mercury, Nova, Gemini, Apollo, Hawk, 
Polaris and others. 

WHAT DOES THIS MEAN TO YOU? Of all honeycomb manufacturers only Hexcel offers: • 
Largest R&D staff for honeycomb technology. • Full line of materials— aluminum, glass, paper, 
stainless, exotic. • Readily available application engineering groups. • World's most compre- 
hensive source of technical honeycomb information. 

Maybe you would like to start with information. Write us for our bibliography TSB 118. 



hexcel! PRODUCTS INC. 

Executive Offices: 2332 Fourth St., Berkeley 10, Calif. Plants: Berkeley, Oakland, Calif.; Havre de 
Grace, Md.; Irving, Texas. Sales Offices: Inglewood. Calif.; Havre de Grace, Md.; Irving, Texas. 



Alci Alcoa's Carl Anderson speaks with authority on hollow extrusions in aircraft alloys. 

This is the man who took the welds and 
weaknesses out of hollow extruded shapes 


H ALCOA 





Carl Anderson is superintendent of Alcoa’s big-press 
extrusion plant. With two 14,000-ton presses and a 
3,000,000-lb stretcher at his command— plus his 20 
years’ experience in extrusion technology— he stays a 
step ahead of the competition and turns out a quality 
product that keeps other extruders of aluminum 
scratching their heads. 

For example, Carl oversees Alcoa’s capability to pro- 
duce seamless hollow shapes in strong alloys like 2014, 
2024, 7075 and 7178. He and other Alcoa engineers 
have developed techniques for producing shapes like 
those illustrated above with die and mandrel, eliminat- 
ing welds and other problems associated with the 
bridge die method. 

Alcoa's talent and technology have saved the nation’s 
defense industry thousands of dollars by furnishing 


lighter, less expensive components to replace compli- 
cated assemblies and weldments. 

Carl is one of hundreds of Alcoa fabricating specialists 
—casting, forging, impacting, machining, welding, 
heat-treating— who are ready to help you at a moment's 
notice. Every one of them speaks with authority on 
aluminum. Help like this is unique. Just call your local 
Alcoa sales office. Or write Aluminum Company of 
America, 1868-F Alcoa Building, Pittsburgh 19, Pa. 

ALCOA PREMIERE Presented by Fred Astaire 

EJ ALCOA 
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DE HAVILLAND ELECTRONICS 


RESEARCH • DESIGN • DEVELOPMENT • MANUFACTURE • WORLD-WIDE AFTER-SALES-SERVICE 


The de Havilland Aircraft Company Limited Manor Roaa. Hatfiei' 


HAWKER SIDDELEV AVIATION 321 


PRODUCTION BRIEFING 


Bums and Roc, Inc., New York, is 
studying the feasibility of three types 
of mobile nuclear powcrplants to deter- 
mine optimum power Weis, evaluate 
technical problems and to assess cost 
factors involved with advanced-base 
plants, disaster control units for ship- 
yards and beachhead plants for combat 
use. Study is sponsored by a 591,000 
Navy Bureau of Yards and Docks con- 


Bell Helicopter Corp. has been 
awarded a 54,655,954 Army contract 
for production of 150 OI1-13S light 
observation helicopters. The contract 
resulted from competitive negotiations 
with Bell and the Hiller Aircraft Corp. 
for an off-the-shelf aircraft. 

Spectra-Physics, Inc., won a 5585.000 
contract from Goddard Space Flight 
Center to provide instrumentation for 
a magnetic fields component test facil- 
ity, to go into use in about a year. Fa- 
cility is to be built around a three-axis 
Braunbeck coil that will compensate for 
the earth’s magnetism to within 
0.001%. 


General Electric Yf-93 turbojet en- 
gine for the North American RS-70 
Mach 5 reconnaissance-strike bomber 
has been run for 5,500 hr. under sea 
level and simulated altitude operating 
conditions up to 70,000 ft. Of the 
total, 560 hr. were at conditions above 
Mach 2. Future of the aircraft is in 
doubt (AW May 20. p. 25). 

Garrett-AiResearch, Los Angeles, will 
develop a one-man environmental con- 
trol system, for use in a Gemini para- 
glider trainer, for McDonnell Aircraft 
Corp. The 5100,000 contract calls for 
delivery of three of the environmental 
control systems. 

Bendix Corp.'s Bendix-Pacific Div.. 
North Hollywood, Calif., will modify 
the flow control valves and actuating 
cylinders for the Air Force B-58 Hustler, 
under a 52.5 million contract from Gen- 
eral Dynamics Corp. 

General Precision, Inc.'s Information 
Systems Group will supply additional 
anti-submarine warfare computer sys- 
tems for weapons control, under a 53.5- 
million contract from U. S. Navy. 

Fairchild Camera and Instrument 
Corp. will build panoramic camera sys- 
tems and stabilized mounts for the 
RF-4C reconnaissance aircraft under 
contracts from McDonnell Aircraft 
Corp. totaling over 52 million. 



THE PROVEN STRUCTURAL FASTENER 
CHERRY AIRCRAFT L0CKB0LTS 
BETTER JOINTS . . . LOWER COSTS 


Millions of Cherry Aircraft Lock bolts' are in use in the latest 
missiles, bombers, fighters and transports. 

Reliability of Cherry Aircraft Lockbolts is proven in high 
production applications now in use. Cherry quality and service 
are outstanding in the industry. Consistent, fast and trouble-free 
installation characteristics are built into Cherry lockbolts. 

Installation is simple. No special training is necessary. Once 
the operator places the nose assembly tool over the lockbolt, it is 
only necessary to pull the trigger of the pull gun to achieve a 
perfect quality installation. 

Simplicity, consistency and speed of Cherry lockbolt installa- 
tion provides increased production, better and stronger fastened 
joints, and lower installed costs. 


For technical infoi 
Townsend Company 
Ana, California. 


rmation on Cherry Aircraft Lockbolts, write 
r, Cherry Rivet Division, Box 2157N, Santa 


Cherry Rivet Division 

Santa Ana, Calif. 


I 


Townsend Company 

ESTABLISHED 1816 • BEAVER FALLS, PA. • A teXtfOnl comp«w 
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Polaroid circular polarizers do it better. 


They kill glare and reflections, no hands, and improve contrast for daylight viewing. And by combining 
them with linear polarizers, you can control image intensity or color (variable red for dark-adapted 
eyes at night, for instance). For information on complete custom designed filter systems, write: Polaroid 
Corporation, Polarizer Division, Department A-6, 119 Windsor Street, Cambridge 39, Mass. Polaroid® 


FINANCIAL 



Report Cites Industry Reliance on Leasing 


By William H. Gregory 

Changing complexion of the aero- 
space industry, as depicted in an Aero- 
space Industries Assn, sponsored study, 
reflects two areas of potential financial 
significance: toughening allowability 
patterns and increased use of leasing. 

Of the two, which have a causc-and- 
effect relationship, the rise in leased 
facilities and equipment has been 
noticed less, but may have more long 
term implications to the financial 
strength of the industry. 

Growth of leasing has been encour- 
aged by an inconsistency in the Armed 
Sendees Procurement Regulations cov- 
ering allowability. Lease payments are 
an allowable cost. Interest payments for 
debt, which might be used to purchase 
facilities or equipment, arc not. 

Tax deductibility of interest pay- 
ments may offset this advantage some- 
what. Even so, the industry’s use of 
leasing appears to be outweighing con- 
ventional debt financing in the in- 
dustry’s capital structure. 

Assessment of the real magnitude of 
leasing in the industry’s financial profile 


is not as easy as doing so for other 
capital items because usually only an- 
nual rental payments are shown in finan- 
cial statements. Debt, however, is shown 
as a specific item on the balance sheet, 
not only in terms of payments due 
within one year, but also in the aggre- 

Nonetheless, leasing often represents 
substantially the same kind of obliga- 


tion as debt, including interest which is 
contained in the annual rental payment, 
and the full measure of it needs to be 
included in any analysis of the industry. 

Difficulty of assessing its impact lies 
in the lack of any formal accounting 
system for treatment and because the 
lease payments may represent a rela- 
tively short-life piece of equipment- 
like an airline’s leased jet engine being 
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Who told the pilot his IFF transponder, UHFtransceiver, 
ILS display and TACAN systems are operational? 





She wouldn’t know a transistor from a can-opener. But 
pilots find her voice irresistible— and pay attention. 

Just before takeoff the pilot punched a button on his uhf 
radio. A mile from the flight line a two-channel tape pro- 
grammer went instantly into operation. One channel began 
an automatic electronic checkout of his communication, 
identification and navigation (cin) subsystems. Simulta- 
neously the other channel began to broadcast monitoring 
instructions to him in a small, calm, very feminine voice. 


Complete checkout was accomplished in just two minutes. 
We call this tester radfac, for RADiating test FACility. It is 
automatic, self-checking, self-contained, self-powered, air- 
transportable and absolutely foolproof. 

Although Republic originally built radfac for F-105 
fighter-bomber testing, units are now operating with a vari- 
ety of usaf aircraft in Europe and the Pacific. 

Nothing can guarantee the success of an air mission. But 
radfac guarantees that no cin failure will cause it to abort. 


HEPLIBLIC 


amortized, in effect, over seven years— 
or a building with a useful life of 20 

Because of the inexact information 
available, the customary technique in 
analysis is to capitalize annual rental 
payments at an arbitrary rate. The 
Stanford Research Institute study spon- 
sored by AIA developed such estimates 
on publicly reported and privately sup- 
plied data of 13 aerospace companies. 
Using capitalization rates of 20% and 
10%, the study estimated average total 
value of leased equipment for the 
1957-61 time period at S350-S750 mil- 

In another analysis, using data from 
12 aerospace companies to make up a 
composite profit and loss statement for 
the years 1950. 1955 and 1961. the 
study measured increases in interest and 
lease payments as a percentage of sales. 
This showed: ^ 

Put in terms of actual amounts and 
as a percentage of total sales, the com- 
posite profit and loss statement showed 
the following: 


(% of sales) 

5% 

% 1.2* 


** 

% ' 3% 

TAXES REPORTED PAID BY 
A GROUP 0 OF AEROSPACE 
COMPANIES 

(Million, of Delia 
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,18.0 
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These figures show that both interest 
and rental payments are growing in 
significance, especially since 1955. This 
could be expected as a natural conse- 
quence of tne government policy, be- 
ginning in the late 1950s of requir- 
ing more capital investment by the 
defense industry and of requiring the 
industry to assume a greater clement of 
risk. 

Perhaps less obvious is the fact that 
interest payments, despite their greater 
percentage increase over the period, are 
a smaller absolute amount of industry 
financial structure. Furthermore, growth 
of rental payments appears to have ac- 


celerated faster after 1955 than interest 
payments have. 

The real significance of the growth 
in leasing is to be found in the effect 
leasing may have on the total capital 
structure of the aerospace industry. 

Stanford's study does not deal di- 
rectly with this question. Its estimates 
on leasing were developed along with 
some for the value of government prop- 
erty utilized by the aerospace industry 
for demonstrating the validity of its 
comparisons of aerospace industry' re- 
turns with profitability of non-defense 
manufacturers. 

(Continued on p. 117) 


High Vacuum 


VIBRATIONLESS 
PUMPING 
15-1100 CFM 



KINNEY TRIPLEX SERIES 

• Vibration-free 

• Compact 

• Low doilar-per-cfm cost 

. Long-wearing one piece slide pins 
. Ultimate pressures below 10 microns 
Triplex High Vacuum Pumps use the rotary- 
piston principle developed by Kinney. A new 
and original balancing technique utilizing three 
sets of cams and pistons offers compactness 
and vibration-free operation not available with 
any other pumps of comparable size. The com- 
plete line of Triplex pumps offers a range of 
displacements from 15 to 1100 cfm. 


KINNEY VACUUM 
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WHERE THERE’S PROGRESS, THERE’S PLEXIGLAS 





These returns are shown in the tables 
on p. 113, with the primary emphasis 
in the study on return on total assets, 
a method not commonly used in pre- 
vious commentaries on the profitability 
of the defense business. As indicated 
in the tables, aerospace industry return 
is generally less than that of non-defense 
companies. This is true whether on a 
median basis— that is, the halfway point 
in the list of companies— or on a 
weighted average basis that puts more 
emphasis on the results of larger firms. 

As a matter of incidental significance, 
the weighted average figures in the 
study tend to fall below the medians, 
showing relatively lower profitability of 
the large companies. 

Evaluation of the importance of the 
growth in leasing is dealt with in fuller 
detail in another study of the aerospace 
industry distributed at about the same 
time as the AIA report. This one was 
done by the Arthur D. Little Co. 

Admittedly, the figures must be ap- 
proached with caution because of the 
vagueness of available infonnation and 
because of the various possible terms, 
conditions and types of leasing. Even 
so, the Little estimate does not seem 
out of line, based on a 51 -company 
sample, against the Stanford Research 
figures based on 12 or 13 companies. 

Interpretation of the significance of 
a growth in leasing consequently is sub- 
ject to qualifications. 

In the Little study, the leasing esti- 


mate is complemented by a set of as- 
sumptions of the value of the industry’s 
use of government facilities— assumed 
to have a net total value for the 51 
companies of $2,345 billion in 1956 and 
dropping to S1.702 billion in 1961— 
and of progress payments by the gov- 
ernment on contracts. (The Stanford 
Research estimate for gross value of 
government property employed by 13 
companies as an average for the 1957-61 
period is $1,539 billion.) 

Estimated value of government and 


lessor-owned property was added to a 
51 -company composite balance sheet 
and theoretical earnings on government 
property are added to a composite profit 
and loss statement to attempt to adjust 
for the added return the industry pre- 
sumably would earn on such property if 
it was privately owned. 

Adjustment also is made to deduct 
interest cost from earnings that would 
be required if the government advances 
were obtained from private lenders. 

Results of all these computations 


COMPARATIVE RATES OF RETURN ON NET WORTH FOR 
19 AEROSPACE COMPANIES AND SELECTED SERIES 
1957-1961 
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show that profit margins on sales in- 
creased slightly— from a published 1.8% 
in the SEC/FTC survey for 1961 to 
2.1% compared with an all-industry 
average of 4.8%. On net worth, ho\v- 
ever, the return for 1961 rises from 
9.2% to 10.6%, which is above the 
all-industry average of 9%. 

While this is an interesting exercise, 
the fact is that government officials are 
not likely to be much concerned about 
rate of return percentage points as long 
as the industry' is willing and able to 
deliver weapons under the present rules 
or practices of procurement. The lower 
profit margins of the industry, in effect, 
substitute as a cost for use of govern- 
ment facilities and advances. 

More significant is the change in an- 
other area in the assumed balance sheet 
— debt/equity ratio. This figure rises 
from an actual .29 in the 51 -company 
survey for 1961— that is, 29 cents of 
debt for each SI of equity in the form 
of common or preferred stock or re- 
tained earnings— to 1.38 on the basis of 

Although businesses like the airlines 
can and do exceed a 1:1 debt equity 
ratio, the usual standard considered as 
safe by lenders is a 1:1 maximum for 
manufacturers, and the actual level for 
SEC/FTC all-industry survey was .25. 

Two conclusions can be drawn from 
this analysis: 

• Financing requirements of the de- 
fense industry will increase markedly if 
government policy continues to demand 
more and more industry' investment in 
facilities. 

• Increased equity financing as a result 
of the potentially high debt/equity ratio 
is likely to be necessary, and with the 
industry’s relatively low return it is 
open to question whether the private 
capital will be available. 

The Little study does not consider 
the industry in dire trouble, but does 
say that it is treading on dangerous 
wound. A change in ASPR to disallow 
leasing costs would have an obvious 
deep impact on industry’s earnings. 

While the government is not likely 
to deliberately let the defense industry 
collapse, with the consequent endanger- 
ing of national security, there is danger 
that the government will fail to rec- 
ognize the danger signals in time, the 
Little survey says. 

With internal cash generation from 
depreciation also low, the Little study 
warns of potential trouble for the in- 
dustry' in the 1970s. 

Ignoring the question of government 
property, the debt/equity ratio for the 
industry using the preceding leasing esti- 
mates as capitalized is .76. This level is 
high, though, again, not unheard of for 
manufacturing companies. 

As long as defense and space spend- 
ing remain high, as they show every 
sign of doing, the industry no doubt 


can carry this obligation. But the anal- 
ysis raises a serious question as to the 
effect of a major reversal of this trend- 
a genuine disarmament program, for 
example. Not only would a sudden 
shift in defense spending affect the de- 
fense industry' directly, but the impact 
would transmit itself through the lend- 
ers and lessors in this case and eventu- 
ally reverberate through the entire 
economy. 

The impact of the entire question of 
allowable costs on the industry is not 
unduly large in monetary terms, the 
Stanford study indicates, but it does 
have a more significant size when com- 


pared to earnings. Most important is 
the growing trend toward broadening 
the list of unallowable expenses in light 
of the government’s drive for contrac- 
tors to assume a greater share of capital 
burdens. 

No specific amounts are given, but 
for 1 5 companies which provided data 
to Stanford Research in this area, cost 
disallowances rose from .3% of total 
sales in 1953 to .8% in 1960. 

As a percentage of pre-tax earnings, 
the average rose from 5% to 14% from 
1953 to 195S. Paradoxically, the 
companies whose business was predom- 
inantly defense had less cost disallow- 


i 


ELECTRONIC & GYROSCOPIC 
EQUIPMENTS 



FERRANTI LTD • AIRCRAFT EQUIPMENT DEPT • MOSTON ■ MANCHESTER 10 • ENGLAND 

Tel: FAIIsworlh 2071 or WESTERN ROAD • BRACKNELL • BERKSHIRE • Tel: Bncknell 121 1 or 2020 

FERRANTI ELECTRIC INC 

INDUSTRIAL PARK No. ’I • PLAINVIEW • LONG ISLAND • NEW YORK 
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Why pay for engineering you don't need? Now, thanks to a unique and versatile manufacturing technique 
developed by the Aerospace Division of Pacific Scientific Company, you select the number of rings and brush 
pairs for your specific application and Pacific Scientific Company builds up the assembly from pre-engineered, 
pre-fabricated modules that are on the shelf! You are therefore assured of quick delivery at standard prices of the 
very best electro-deposited slip rings available today, o PSCo Slip Rings have these advantages: Electro- 
_______ _ deposited* pure fine silver rings; Brushes designed for maximum 

|*|l w | |1 life and lowest noise; Completely integrated assembly for ease of 
UUO | U ||| installation; Flexibility; Ease of maintenance; Highest reliability; 

the very best for transmission of low level signals or power. For 
Ol in complete engineering data and selection guide write to: AERO- 
Nl SPACE DIVISION, Pacific Scientific Company, P.O. Box 22019, 

w ™ • • Los Angeles 22, California. 'Mam/ftciuitd under ei£cr/?or£CCORPpj|5nis. 
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ance. For companies with heavier 
proportions of commercial sales, the 
percentage ranged from about 7% of 
pre-tax earnings to almost 25% for the 
same period. Data after 1958 is not 
used because of distortions caused by 
losses on jet transport development. 

Included in the study is a tabulation 
of cost items disallowed with the year 
the item was first disallowed, showing 
the trend in non-allowability. It shows: 

• Technical displays, first disallowed in 

1953. 

• Unapproved overtime. 1955. 

• Business conferences, 1956. 

• Bid and proposal expense. 1956. 

• Employe moving expense, 195$. 

• Foreign office expense, 1958. 

• Operation of executive airplanes, 
1959. 

• New York purchase tax, 1959. 

• Personal property tax, 1960. 

• Patents expense, 1961. 

• Public relations. 1961. 

In size, the most important unallow- 
able costs, the survey indicates, are in- 
terest expense, advertising and selling, 
and research and development. The 
latter reflects a government policy to 
require cost-sharing in R&D contracts, 
or more company-sponsored R&D. 

Government-sponsored R&D still 
makes up 90% of a $2,896 billion total, 
based on data from 16 companies, ac- 
cording to the study. 



PROFIT MARGINS on defense work (solid line) and non-defense work, based on data from 
companies that have substantial business of both kinds, are shown on chart (left). The 

significant perhaps is the decline in profit margins generally. Companies included are 
Minncapolis-Honeywell. Sperry Gyroscope, Thompson Ramo Wooldridge, Radio Corp. 
of America and Westinghousc Electric Corp. Subcontracting trend (right) shows that 
the level has remained stable since the Korean war, despite strong efforts to encourage 
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Mergers and 
Acquisitions 


Waco Aircraft Co. of Trov. Ohio. 

?S 3SS35 

vide Aero Industries with complete air- 




Pump weight saver: turbine 
driven fuel booster pump. 
Weighs 1.4 lbs. Flow rate 
17,800 PPH at 10 psig dis- 
charge pressure. Practical. 





Hydro-Aire 


Hydro-Aire 1 3000 Winona Avenue, Burbank, Calif. I Vlctoria9-1331 
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on target with energy depot development - Target: Free military vehicles from dependence on 
highly vulnerable petroleum fuel supply lines. Performance: Two new devices conceived-a revolutionary 
“battery” and a mobile electrolysis fuel-manufacturing system-which hold great promise. Both systems 
use nuclear power-both are being forwarded under Atomic Energy Commission contracts. Provocative 
answers to evocative problems-another reason why our aerospace and nuclear programs are on target. 

^Xlllson ■ 

THE ENERGY CONVERSION DIVISION OF pSttAl 

GENERAL MOTORS. INDIANAPOLIS, IND. I M °'°” I 


MANAGEMENT 


McClellan Group’s Reaction Mixed 
On Rubel Procurement Proposals 


Washington— Central question in the 
current discussion of military procure- 
ment reforms is whether there is a 
better way to develop the information 
the secretary of defense needs to select 
the best bid. 

Focus of the discussion is a memo- 
randum written last August by John H. 
Rubel, former deputy director of the 
office of defense research and engineer- 
ing. and since revised by the Defense 
Industry Advisory Council. The memo 
was discussed June 6 by the Senate 
Permanent Investigations Subcommit- 
tee in connection with its probe of the 
F-lll (TFX) tactical fighter contract 
award (AW June 10. p. 37). 

The major change under the memo 
would be to eliminate military source 
selection boards that now recommend 
to the defense secretary who should get 
the contract. The military source evalu- 
ation groups, which now report to the 
selection boards, would still continue to 
function. But they would only analyze 
proposals, not make any recommenda- 
tion as to who should be awarded the 
contract. 

Subcommittee reaction to the pro- 
posal ranged from apprehensive to sym- 
pathetic. with Chairman John L. 
McClellan (D.-Ark.) and Sen. Edmund 
S. Muskie (D.-Mc.) representing the 
poles of these viewpoints. Sen. McClel- 
lan said the recommended procedure 
may violate Section 2271, Title 10 of 
the 1956 Armed Forces Act. which 
states that in an aircraft design com- 
petition, military source selection boards 
shall recommend winners to the de- 
fense secretary. 

Sen. McClellan also expressed con- 
cern about language in the so-called 
“parent memorandum” that Rubel 
wrote to Deputy Secretary' of Defense 
Roswell L. Gilpatric, "It turns out in 
practice today,” Rubel said in his 
memo, "to be difficult if not impossible 
to alter a source selection decision on a 
major procurement action unless you 
are willing to send the source selection 
board back to work with new instruc- 
tions. Otherwise, you are placed in the 
position of making an arbitrary' change 
in the face of a fully objective procedure 
and detennination. That is, in general, 
infeasible. It is very time-consuming 
and it exposes the senior decision-mak- 
ers to potentially severe criticism and 
even outside pressures. It is practically 

"lien. McClellan said he did not want 


to take any power away from the de- 
fense secretary, “but I am equally op- 
posed to relegating the military, the 
fighting men, the people on whom we 
must depend in the final analysis for our 
defense if war comes— eliminating them 
from making any contribution to that 
decision. . . . Just eliminating them to 
a position of your adviser or your coun- 
sel doesn’t amount to anything." Sen. 
McClellan contended that military ad- 
visory boards named by the defense 
secretary would not be as valuable as 
a formal military source selection board. 

Sen. Muskie said-and Rubel agreed 
—that recommended reforms were de- 
signed to bring “to the attention of the 
top decision-maker the alternatives 
which were previously debated at some 
lower echelon of the department so 
that the top decision-maker himself 
can also second-guess the alternatives 
as well as second-guess the final recom- 
mendation which has been submitted to 
him.” 

Sen. Henry M. Jackson (D.-Wash.) 
said he was concerned that eliminating 
military' source selection boards might 
upset the system of checks and balances 
so fundamental to the governmental 

The Defense Industry Advisory 
Council reviewed the Rubel memo 
most recently at its meeting of May 3-4. 
The memo was presented by a special 
subcommittee, consisting of Rubel as 
chairman and members C. B. Thornton, 
chainnan of Litton Industries; William 
M. Allen, president of Boeing, and 
Thomas Jones, president of Northrop 
Corp. After the F-lll controversy 
erupted. Allen offered to resign from 
the subcommittee for fear there might 
be a conflict of interest. But Rubel 
said both he and Gilpatric persuaded 
Allen to remain. Allen is the one indus- 
try' representative on the subcommittee 
who favors the present source selection 
procedures over the proposed one. 
There is wide support within the 21- 
member council for the recommended 
change in the system. 

Besides circumventing military source 
selection boards, the latest draft of the 
Rubel memo, as presented by the spe- 
cial subcommittee to the Defense Indus- 
try Advisory Council, recommends tell- 
ing bidders ahead of time the weights 
to be assigned to criteria; explaining to 
the unsuccessful bidders how the winner 
was chosen; giving prime contractors 
latitude in selecting their subcontractors 



ORLANDO is at the hub of 
an unusual concentration of 
business from Florida’s fast- 
growing missile/electronics 
industries, Cape Canaveral, 
and numerous military in- 
stallations. If the products 
your company makes are 
oriented in the direction of 
the moon and beyond, it can 
be profitable for you to lo- 
cate your plant or ware- 
house in Orlando, the "gate- 
way to the moon." 

It’s easier to find and 
keep top engineering talent 
for this Florida location — 
people like to work where 
it's fun to live. 

Launch your investigation 
into this promising business 
opportunity by writing for 
our survey on Greater Or- 
lando. Send your request, 
in confidence, to Orlando 
Industrial Board, Room 516, 
City Hall, Orlando, Florida. 


ORLANDO 
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J-M Dyna-Quartz 
insulation can 
withstand 2700 F 
- forever 

Johns-Manville Dyna-Quartz is the 
only insulation material that per- 
forms perfectly under continued 
usage at 2700F. Composed of 99% 
pure silica fibers, and containing no 
binder, it is heat-treated for dimen- 


sional stability. As a result, it shows 
less than 1% shrinkageaftera four- 
hour soak at 2750F. It is particu- 
larly useful for insulating applica- 
tions where extreme temperature 
resistance, light weight and medium 
load-bearing properties are impor- 
tant. To fulfill these needs, Dyna- 
Quartz has been chosen for the 
United States Air Force's Dyna-Soar 
space vehicle. 

Dyna-Quartz is available in semi- 
rigid tiles and blocks. Very close 


oo 
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so they will have more chance of attain- 
ing the incentive provisions of the con- 
tract, and establishing— at the defense 
secretary's pleasure-special advisory 
boards to analyze the differences in 
competing proposals. High military offi- 
cers could be represented on these 
ad hoe boards. 

These are the highlights of the Rubel 
subcommittee report: 

• Bidding costs. "Permitting excessively 
large numbers of bidders to compete 
for excessively long periods is extremely 
wasteful of valuable resources, especially 
scarce technical manpower resources. 


Top-Level Judgment 

• Decision time. "The source selection 
procedure should not. of and by itself, 
tend to extend decision time unneces- 
sarily. Procedures which, once begun, 
must be carried through to completion 
almost automatically and then started 
all over again if further refinements or 
modifications are required, are ex- 
tremely time-consuming. Worse, they 
often exclude the exercise of top-level 
judgment and place a barrier between 
senior represen ta tires of the Defense 
Dept, and of industry which impedes or 
interferes with attaining that meeting of 
minds so essential to the effective dis- 
charge of large-scale undertakings and 
responsibilities. . . ." 

• Fostering competition. "The manner 
in which sources are selected plays a 
major part in creating that market place 
and influencing the degree to which the 
values cited here receive proper empha- 
sis. The criteria that are used in judging 
competitors are key factors in shaping 
the actions that arc taken, both by in- 
dustry and by the government. It is 
essential, therefore, that the principal 
criteria used in evaluating bidders shall 
be known both to those who compete 
and to those who will evaluate the rela- 
tive merit of the bids and bidders. In- 
dustry's responsiveness to defense needs 
can be materially enhanced if suitable 
evaluation criteria arc established, pro- 
mulgated and utilized throughout the 
source selection process. . . .” 

Final Decisions 

• Selection responsibility. “Evaluation 
should not be equated with selection, 
and recommendations should not be 
made in a context which gives them the 
force of final decisions.” 

• Defining scope. It is essential that the 
scope and content of each selection 
action be carefully defined in advance. 
What is covered by government source 
selection actions and what is not? What 
should be the relationships among 
prime contractors and major subcon- 
tractors? A major source selection 
which, for example, places heavy weight 
upon the formulation of incentive con- 
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Successful experience .. .the plus that 
Isn’t written into space facility contracts! 


When specifications call for facilities capable of 
performance parameters never before attained, 
and, in addition, capacity for future updatings, 
it is logical to look for a supplier with a success- 
ful background of accomplishment in this spe- 

Stokes designed and built the first Goddard 
space chamber, NASA’s "8 by 8.” This thermal- 
vacuum chamber, capable of a simulated 200- 
mile altitude, is still in full-time use for satellite 
systems check-out prior to launch. Other im- 
portant Stokes first-of-a-kind facilities: 

G. E. Missile and Space Division: Four 5’ X o’ 
component testing chambers regularly attain- 
ing vacuums in the 10-’ Torr range, using 
20°K cryopumping. 

G. E. Missile and Space Division: Three 39' 
diameter spherical chambers, utilizing the dense 
gas helium cryopumping techniques proved in 
the 5' x 5' chambers. These large units (one of 
them is shown above) readied 10 10 Torr during 
initial operation. 

Bell Telephone Laboratories: 9' diameter, 13' 
long environmental-simulation chamber with 
liquid nitrogen cooled shroud. 10 a Torr has 
been demonstrated. 


NASA, Goddard Space Flight Center: Vacuum and 
cryogenic systems for two chambers, 35' in 
diameter and 60' high. These SES and DTC 
facilities are used for proof-testing complete 
advanced NASA space vehicles and probes. 
SES chamber cryopumped to 10 10 Torr during 
acceptance tests. 

Douglas Aircraft Corporation: Three earth-orbit 
simulators, the largest a 39' sphere, for testing 
spacecraft scheduled for manned flight. (In 
construction.) 

Working in close association with CryoVac as 
supplier of cryogenic systems, Stokes is able to 
offer more "in house” capability than any other 
supplier in the specialized field of space simu- 
lation facilities. This capability covers engineer- 
ing design, construction, field erection, accept- 
ance and performance testing. 

Stokes will gladly put this integrated capa- 
bility and its practical experience at your dis- 
posal on a project management, single source 
or turnkey basis. Write: Space Systems Depart- 
ment, F. J. Stokes Corporation, 5500 Tabor Road, 
Philadelphia 20, Pa. 


STOKES 


F. J. STOKES CORPORATION: PHILADELPHIA / LONDON /TORONTO 
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tract provisions by the prime contrac- 
tors must allow for the creation of 
key subcontract relationships consistent 
with that requirement. Government 
procedures must be consistent in this 
regard— if primes are to sign incentive 
contracts, policies cannot be applied 
which dictate or restrict the choice of 
subcontractors in a way which makes 
incentives meaningless or impossible to 
meet. Likewise, where several prime 
contractors arc to be associated on a 
single project, selection procedures and 
decisions must permit the assessment 
of all bids ‘in context’ and not in isola- 
tion one from another. . .” 

• Screening bids. “Such bids would not 
require very much preparation, but they 
would require the company to famil- 
iarize itself with the general objectiva 
of the proposed program and to furnish 
vital statistia concerning the company’s 
capabilitia, status, intentions and past 
experience and performance on projects 
comparable in technology and com- 
plexity. . . . The screening phase is con- 
cerned with capabilitia and intentions, 
not with proposed solutions to the par- 
ticular project. . . . The principal cri- 
teria and the approximate relative 
weight to be given to them should be 
made known to the bidders during this 
phase.” 

This process would narrow the field 
to no las than three nor more than 
eight bidders. 

• Regular bidding phase. "During this 
stage the bidders would be expected to 
outline (but not to definitize) their pro- 
posed technical solutions and approach, 
along with their incentive proposals 
with respect to time, performance, 
quality and cost. . . . The bidding phase 
should not be conceived as a method 
for acquiring a large volume of free de- 
sign information. . . .Neither the spe- 
cifications used as basis for bidding, 
nor the bid submittals themselva, 
should be viewed either by industry or 
by government as the last word in 
establishing the character and defining 
the scope of the final program. . 

• Evaluation group. "The procedures 
and the composition of the evaluation 
board would be largely unchanged from 
present practice. . . . The evaluation 
board (there may be several on a major 
procurement) must be set up to accom- 
plish evaluation, and evaluation only, 
not selection. ... A key point concerns 
the establishment of the appropriate 
criteria to be used by the evaluation 
board. These criteria and their relative 
weight should be established by the 
evaluation board before requests for 
proposals are issued to industry for the 
bidding qualification phase. These cri- 
teria, as we have noted earlier, should 
be made known to the industrial com- 
petitors. 

"The usefulness of the action taken 
by the evaluation board will depend 


heavily upon the criteria that are 
adopted by the board as a basis for 
their work. It is important to recognize 
that these criteria can be made mean- 
ingless if they are too broad, and will be 
of greatly diminished value if thev are 
too specific. In any case, the results of 
the evaluation board must be subjected 
to examination, scrutiny, and tested for 
the effects of perturbations . . . 

‘"It is essential . . . that the broad 
criteria be clearly understood, by the 
evaluators and by industry alike; but it 
is equally important that these should 
not be treated as an inflexible basis for 
a merely numerical appraisal of the bids. 
If the evaluation boards wish to utilize 


such a numerical procedure in deriving 
their results and making their recom- 
mendations, they should be free to do 
that as a strictly internal procedural 
matter. However, it is equally essential 
that such procedure, if . . . employed 
by the source evaluation boards, should 
not become identified with the selection 
process per se. It is essential that pros 
and cons, amplified by clarifying argu- 
mentation, be set forth as an integral 
part of the evaluation. It is also essen- 
tial that the real value, as distinct from 
a mere numerical score, should be as- 
sessable and should be assessed, not 
necessarily by the evaluation boards 
(although they may have a contribution 


ALL ALONE... 



... as the finest performing, 
longest lasting 
welder rectifier 
ever built. 

The rectifier stack illustrated is the semi-metallic 
type designed, built and warranted for three years 
by Miller Electric Manufacturing Company, Apple- 
ton, Wis. It’s used in al] Miller Gold Star Welders. 
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Navy Hydrofoil Tested on Puget Sound 


rbine-powcred research hydrof 
Hydrofoil) reached more than 60 mph. during 
built by Boeing, is working up to runs of 90 n 
the craft is expected to reach speeds of 115 n 
to make), but certainly by the respon- 
sible secretary.” 

• Advisory boards. The subcommittee 
said the individual services secretaries 
and defense secretary may wish to name 
a source selection advisory board to as- 
sist in evaluating competing proposals 
for a major contract. The board might 
be strictly military officers or include 

“Above all,” the report said, “the 
advisory board needs to be a working 
board. It must assess the results pre- 
sented to the secretary by the evaluation 
board-the advisory board is not there 
merely to ratify or to examine recom- 
mendations of the evaluation board. . . . 
The advisory board should prepare a 
written report for the secretary. The 
report should outline the principal ob- 
jectives at which the source selection 
was aimed. It should describe the perti- 
nent highlights of the history antece- 
dent to the source evaluation process 
and depict the principal criteria that 
were established in evaluating proposals. 

It should outline the activities of the 
evaluating boards and summarize their 
principal findings. Finally, the advisory 
board should describe the manner in 
which it has assessed those findings, and 
it should present the principal interest- 
ing alternatives for decision. Argumen- 
tation both in support of and in opposi- 
tion to each alternative, and the effects 
of perturbations of criteria and assump- 
tions used in evaluation, should be 
presented. 

"Finally, the secretaries of the mili- 
tary departments should be able to uti- 
lize the report of the advisory board in 
arriving at his decision, consulting with 
members of the board, and where neces- 
sary', with members of the evaluation 
boards to whatever extent necessary’ to 
clarify his understanding. 

“The essence of this procedure is to 
present options in the context of com- 
prehensive and complete information to 


a! Fresh 1 (Foil Research Supercavitating 
a recent test run on Puget Sound. The craft, 
lph. with its present foil system. Ultimately, 
iph,, Boeing says. 

the secretary of the military depart- 
ment. The objective is to avoid the 
opposite of that: to avoid creating a 
numerical score, based upon a very 
elaborate scoring process, fortified by 
recommendations made through a long 
chain of command which it can, in 
practice, be difficult to overturn. Cer- 
tainly the secretary of each military 
department ought to seek the advice of 
his principal military and civilian assist- 
ants and advisors— but the process used 
to accomplish that advice must not, of 
and by itself, virtually amount to mak- 
ing the decisions.” 


NEED A MORE 
RELIABLE SOURCE 
FOR 

ELECTRICAL 
CONNECTORS? 

Airwork guaran- 
tees on-schedule 
delivery of custom 
assembled Bendix® connec- 
tors to MIL Specs. Most de- 
liveries made in less than 48 
hours.T o order call 885-2401, 
Area Code 305, collect, or 
TWX 305-821-3720. 

O.E.M. DIVISION 

flirwork 



Do you hold the key 
to tomorrow’s progress in 

GUIDANCE AND CONTROL? 

The stringent requirements of cur- 
rent and projected space missions 
are forcing the rapid evaluation of 
advanced state-of-the-art guid- 
ance and control information sys- 
tems, constantly evaluated against 
the prime criteria of: Weight, 
Energy Requirements, Reliability, 
Performance. 

North American Aviation's Space 
and Information Systems Division 
has several assignments of excep- 
tional scope and interest available 
to qualified engineers and scien- 
tists. 

Tasks in the guidance and control 
department range 

• from research and theoretical 
studies, 

• through systems concepts, 
synthesis, mechanization, and 
project engineering, 

• to simulators, trainers, and 
actual hardware evaluation. 

If you are interested in associating 
with a company whose long expe- 
rience and proven capability pro- 
vides a broad perspective of past, 
present and future space missions 
and you feel you can contribute to 
progress in the field of Guidance 
and Control, you are invited to 
investigate further by writing to: 
MR. A. F. MARKEL 
EMPLOYMENT SERVICES 
12214 LAKEWOOD BLVD. 
DOWNEY, CALIFORNIA 


SPACE AND INFORMATION 
SYSTEMS DIVISION _ A 

North American Aviation 
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Electronic Equipment Engineers 

at MCDOISIISIELl 



design the 
Simulators 
that will train 
astronauts to 
control 
Gemini 
from launch 
to landing. 


design the 
control for 
the Radar 
Scope Cameras 
that are the 
recording eyes 
for McDonnell 
Phantoms. 


develop 
Flight Control 
Systems tor 
aerohallistic 
and 

surface-to- 

surface 

missiles. 


design the 
Precision 
Orbital 
Clocks 

that keep time 
for spacecraft 
as they orbit 
the earth. 


Early recognition of the inter-relationship between 
electronic innovation and aerospace development has 
been reflected in the historic achievements of McDonnell 
products in aeronautics and astronautics. To fill electronic 
requirements not met by standard equipment, McDonnell 
created its own electronic capability, now a separate 
division under the direction of a General Manager. The 
comprehensive capabilities of the Electronic Equipment 
Division (EED) are geared to provide advanced electronic 
equipment for ground, airborne and space applications. 

EED is designing, developing and manufacturing 
products and systems which span the entire electro- 
magnetic spectrum from subaudio control and ultrasonic 
equipment through microwave and infrared devices. To- 
day, the efforts of more than 500 EED engineers are 
focused on such diversified projects as pre-flight simu- 


lators, master time reference systems, ground check-out 
equipment, message computers, recording devices, flight 
control, antennas, display systems, communication, 
guidance . . . more than 100 different electronic compo- 
nents, equipments and systems. 

Continuing expansion of the Electronic Equipment 
Division is creating electronic engineering opportunities at 
all levels from Associate Engineer to Department Managers. 
Supervisory positions require advanced degrees; bachelors 
degree necessary for other positions. 

For information about your opportunities in the 
Electronic Equipment Division at McDonnell, complete 
and mail, in confidence, the brief resume form below. 
For a comprehensive, immediate review of your qualifi- 
cations, attach a complete resume of your education 
and experience. 


r 

I 

I 

l 

l 

I 

L 


Mail This Form To: D. F. Waters. McDonnell Employment, Dept. 62J, Box 516, St. Louis 66, Mo. 



Educalion : EE M E Math Physics Chemistry A E Astronomy Other 


Degree: BS MS 

Date Date 

I would like to receive application form □ 
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BUSINESS FLYING 



SIAT 223, shown in three-view, has constant-chord wings and interchangeable control sur- 
faces. First prototype is under construction by Siebelwerkc-ATG GmbH. 


Siebelwerke Building Prototype 
Of Siat 223 Aerobatic Trainer 


Donauworth, West Germany— First 
prototype of the Siat 223 all-metal, two- 
seat trainer built by Siebelwerke-ATG 
GmbH., a member of the Bolkow 
Group, is nearing completion here. Air- 
craft is scheduled to begin flight trials 
near the end of this year. 

Present design emerged as the winner 
of a competition sponsored jointly by 
the West Gennan Ministry of Econom- 
ics and the Gennan Aero Club in 1961 
for a standard training and sport flying 
aircraft. 

The Siat 223 is fully acrobatic and 
suitable for towing gliders with a gross 
weight of up to 990 lb. 

Further development of the aircraft 
had been suspended since 1961 because 
of the lack of government funding. 
Growing demand within West Germany 
for an inexpensive, easv-to-maintain 
light trainer recently convinced Sicbel- 
werke that it should proceed with de- 
velopment of the prototype, at least, 
with company funds. 

A firm price for the Siat 223 has not 
yet been fixed, but Siebelwerke says it 
expects to market the standard model 
for approximately 59,000. 

Final decision as to whether the Siat 
223’s predecessor, the four-seat Siat 222 
designed primarily for sport and busi- 
ness flying (AW May 30, 1960, p. 90). 
will ever go into production is still 
pending. Tough competition in the 
light aircraft ficld-particularlv from the 
big three U. S. manufacturers. Beech, 
Cessna and Piper— may make it advis- 


able to either modify the original Siat 
222 design considerably or scrap it en- 
tirely. a company official said. 

Following closely CAR Part 3 specifi- 
cations governing the design of both 
"normal” and "utility” class light air- 
craft, the Siat 223 is a cantilever low- 
wing monoplane structure with a tri- 
cycle landing gear. 

To cut production and maintenance 
cost as well as hold the factory's stock- 
room requirements to a minimum, 
many of the aircraft's construction parts 
arc interchangeable. The rudder, for 
example, can be fitted to form one half 
of the elevator assembly. The left and 
right ailerons can be interchanged, as 


Siat 223 Specifications 

Engine 150 bp. Lycoming 0120 \1 * 


inipty weight . 
Useful load . . 
* weight . 


landing speed . . 
Rate of climb . . 


can the flap units. The nosewhecl and 
main landing gear wheels also are inter- 
changeable. 

Powcrplant is a single four-cylinder, 
air-cooled Lycoming O-320-A1A engine 
rated at 150 hp., driving a fixed or op- 
tional variable pitch propeller. When 
used only for normal training purposes, 
the aircraft can be fitted with a 108 hp. 
Lycoming 0-235-C powcrplant. 

The Siat 223's rectangular wing's have 
no center spar passing through the fuse- 
lage. 

Fuselage is an all-metal, monocoquc 
structure. Cockpit, with side-by-side 
seating, is fitted with dual cable con- 
trols plus a sliding roof that allows all- 
round visibility. 

Beech, Piper Report 
6-Month Sales Increase 

Two major light aircraft manufac- 
turers— Beech and Piper— reported in- 
creased sales for the six months ending 
Mar. 31, and one— Cessna-reported a 
decrease. 

Beech Aircraft Corp. reported sales of 
534,841.112 compared with 531.809,- 
667 for a corresponding period in 1962. 
Net earnings were 51,160,429, down 
from 51,363,616 last year at the same 
time. Reduction in earnings— which 
dropped from 49 cents to 41 cents per 
share— was attributed to starting costs on 
new production programs. 

Beech directors declared a regular 
quarterly dividend of 1 5 cents per share, 
payable May 1. Of the company’s total 
sales, 523.180,059 were to commercial 
customers and SI 1,661,053 to the mili- 
tary and aerospace market. Last year 
commercial sales were 519,363,819 and 
militarv and aerospace sales were 512,- 
445,858. 

Cessna Aircraft Co. reported total 
sales of 548,317.000 for the six-month 
period ending Mar. 31, compared with 

549.220.000 for the period in 1962. 

Net earnings were 52,997,000 or 91 

cents per share in 1963, compared with 

53.1 36.000 or 95 cents per share in 
1962. 

Decline in sales was attributed to a 
decrease in military business, which 
dropped more than 51,000,000 in the 
year. However, military backlog as of 
Mar. 31 stood at approximately 523,- 
000,000, compared with 51 5,000,000 at 
the same time in 1962. 

Piper Aircraft Corp. reported sales of 
517,045,537 for the six-month period 
ending Mar. 31, 1963, compared with 
SI 6, 178, 506 for same period in 1962. 

Net income increased 53%. from 
5647,315 in 1962 to S993.165 in 1963. 
Income per share increased from 60 
cents to 93 cents. 
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Scientists and Engineers, too, Look to Lockheed tor Leadership 




THEORETICAL CALCULATIONS TAKE YOU ONLY SO FAR. 

Comes a time when paperwork gets the air in high-velocity 
wind tunnel tests. In these tests, air at Mach 3-plus speeds 
slam against the scale models of various wing-body configura- 
tions. Result: a formula is converted into form; mathematics 
into contoured metal. 

At Lockheed-California Company, a team of engineers and 
scientists currently is engaged in an intensive study of flight 
and operational characteristics involving America's first Super- 
sonic Commercial Air Transport (SCAT). These studies include 
evaluation of flight and wind tunnel data to determine perform- 
ance criteria and mission capabilities of tomorrow's airliner. 

Planned to operate on the fringes of space, SCAT presents 
many unique problems. The solutions are doubly important, 
since they involve factors of practical application to airline 
operation. Advanced conceptual studies are also being carried 
on with V/STOL aircraft, hypersonic fighter aircraft and rigid- 
rotor helicopters. 

Projects such as these at Lockheed-California add up to an 
exciting future— make it yours! 


PAPERWORK 
GETS THE AIR 

QUALIFIED SCIENTISTS AND ENGINEERS are invited tO 

investigate immediate openings in: Aerodynamics; Thermo- 
dynamics; Dynamics; Astrodynamics; Structural Dynamics; 
Propulsion; Operations Research (Weapons systems evaluation 
or cost effectiveness); Human Factors; Reliability; Spacecraft 
Propulsion (Missiles and Space Vehicles); Controls and 
Guidance. 

Write: Mr.E.W.Des Lauriers, Manager, Professional Place- 
ment Staff, Dept. 1106,2401 N. Hollywood Way, Burbank, 
California. An equal opportunity employer. 

LOCKHEED 

CALIFORNIA COMPANY 


International 

By Roderick D. Hibbcn 

National Academy of Science is pro- 
posing a major international coopera- 
tive study of the atmosphere in a world- 
wide effort to advance the state of at- 
mospheric sciences. 

The study would be an attempt to 
continue the high level of international 
cooperation and collaboration achieved 
during the International Geophysical 
Year (IGY) and carried through the 
planning phase of the upcoming Inter- 
national Year of the Quiet Sun (1QSY). 

Development of a worldwide system 
of meteorological sendees was recom- 
mended as the over-all goal of the in- 
ternational effort in a report recently 
released by the Academy’s Ad Hoc 
Committee on International Programs 
in Atmospheric Sciences and Hydrol- 
ogy under the Geophysics Research 

The report spelled out the following 
technical advances which should be 
sought to facilitate the meteorological 
research: 

• Development of balloons with im- 
proved operating characteristics and 
lifetimes. Minor developments could 
increase balloon operating altitudes up 
to 100,000 ft., while operating altitudes 
of 150,000 ft. could be expected in 
the near future. 

• Meteorological sounding rocket sys- 
tems and launching networks which 
make possible measurements in the 
area between the operating altitudes of 
meteorological balloons and satellites. 

• Instruments capable of operating in 
manned high-altitude aircraft and 
rockets with minimum sampling alti- 
tudes of 50 mi. which do not require 
launching from established missile 
ranges. Efforts also should be made to 
reduce the cost per sounding rocket 
launch from 52,000 to $500 and 
rockets should be made of frangible 
material to eliminate hazards over 
populated areas. 

• Improvement of sensing systems 
which don’t require precision radar 
and high speed computers for data re- 

• Inclusion of new ozone and radiation 
measuring equipment into radiosonde 
systems and development of optical 
scattering techniques for night observa- 
tion to obtain temperature, density' and 
atmospheric distribution profiles. The 
measurement of these profiles, re- 
peated at intervals of 1 sec. or longer, 

3 jars feasible using pulsed laser single 
ting systems costing about 530,- 
000 per unit. Development cost for the 
entire radiosonde system was estimated 
at 5200,000. 

• Improvement of radar to probe 


Atmospheric Study Urged 


meteor trails 50-65 mi. high and to re- 
cord diurnal and seasonal changes in 
the wind, temperature and density at 
these altitudes. Radar system capable 
of making these studies would cost 
about 550.000 per unit. 

• Establishment of a meteorological 
rockctsondc network with launchings 
at roughly three-month intervals. 
Weekly and tri-weeklv launch capabil- 
ity would be desirable. Procurement 
and operation costs of each rocketsonde 
station for two years were estimated at 
5340,000. Flight package, tracking and 
telemeter development, using present- 
day rockets, would cost 51 million. 

Close coordination with related geo- 
physical fields, particularly oceanog- 
raphy, was urged by the Academy's 
committee, since there arc many en- 
ergy exchanges and interactions be- 
tween the oceans and the atmosphere. 

Broad aim of the program will be to 
cover specific problem areas in atmos- 
pheric sciences of both practical and 
scientific importance which would de- 
mand greater collaboration between 


governments. The proposal deemed it 
"neither possible nor desirable to spe- 
cify particular research problems that 
should be attacked by specific groups," 
however, since traditionally and natu- 
rally scientists carry out research accord- 
ing to their own interests and those of 
their governments. 

Concern for the atmosphere as a nat- 
ural resource and with the effect of at- 
mospheric processes on human activi- 
ties was stressed in the report and five 
broad interdependent groups of atmos- 
pheric sciences activities were proposed. 
They include: 

• Research on weather prediction. 

• Modification of weather. 

• Study of the high atmosphere 

• Atmospheric chemistry research. 

• Increased study of climatology. 

The basis for meteorological research 

remains weather forecasting, according 
to the report, and an atmospheric 
sciences program which could explain 
the weather could predict it. 

Only the first 100,000 ft. of the 
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• The most important development of this decade, 
MANNED SPACE FLIGHT, will be the subject of the 
July 22, 1963 issue of AVIATION WEEK & SPACE 
TECHNOLOGY. MANNED SPACE FLIGHT, the major 
segment of the national space program, is planned at 
$20 billion for a manned lunar landing. The total space 
budget requested for fiscal 1964 alone is a record 
$7.3 billion. 


AVIATION WEEK & SPACE TECHNOLOGY has estab- 
lished an unmatched reputation for detailed coverage 
of technical and industry developments on the plans, 
operations, facilities, budgets, organization and procure- 
ment policies of the national space program. Now, a 
task force of editors will concentrate on both civilian and 
military manned space projects in an issue devoted 
entirely to the subject. 


Theme of the issue will stress future programs from 
Project Apollo to manned permanent moon bases, manned 
orbiting space stations and interplanetary Mars and Venus 
flights. Editorial highlights will include: 


• Major progress report on Project 
Apollo, its hardware and technical 
developments. 


• Status Report on Project Gemini two- 
man spacecraft including joint NASA- 
USAF operations. 


• What we learned from Project Mercury 
and how it built a technical foundation for future manned 
space flight programs. 


• Technical needs of military in manned space flight, 
including Dyna-Soar, Aerospace Plane, maneuverable 
re-entry vehicles, inspector and surveillance satellites. 

• Russian manned space flight programs and techni- 
cal progress. 

• New types of support operations required for large- 
scale manned flight including simulators, control centers, 
transport and assembly facilities, tracking and data trans- 
mission equipment, medical and life support. 

There is no better way to identify your company's role 
in the space program than by scheduling your advertising 
in the most important issue of 1963, the July 22nd 
MANNED SPACE FLIGHT ISSUE. Its timeliness and 
scope of technical detail will insure industry-wide attention 
and study. Wire or call collect for reservations or addi- 
tional information. 
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. . . creative minds . . . 

The twain do meet— in full harmony— at 
CHRYSLER Corporation SPACE Division. 

The scope of Chrysler's responsibilities in 
the SATURN I program holds out exciting oppor- 
tunities for creative, experienced engineers and 
scientists at all levels and in many disciplines. 

Design, engineering, assembly, test, and 
launch preparation activities are moving ahead 
on schedule. Challenging assignments beckon to 
improve performance and develop new concepts 
for the Saturn I space vehicle. 

As we embark on each new phase, new 
openings develop. Programmed expansion will 
create rewarding advancement opportunities for 
those who join us now. 


engineering skills . . . 

If you hold a degree and have experience in 
any of the disciplines listed on the page opposite, 
and if you think in terms of tomorrow as well 
as today, you will find a congenial, professional 
climate at Chrysler, where you are encouraged 
to translate your creative ideas into action. 

Chrysler activities on the Saturn I are divided 
among three congenial and pleasant Southern 
locations. Send your resume, in complete confi- 
dence, to Section A-3, Personnel Department, at 
the location of your choice: 

P.O. Box 26018. New Orleans 26, La. 

P.O. Box 857. Huntsville. Ala. 

1111 Sheridan Road. Melbourne. Fla. 

An equal opportunity employer. 


SPACE DIVISION 


& 


CHRYSLER 


CORPORATION 



atmosphere is being considered, since 
the very high atmosphere is said by 
aerononiists to have no significant short- 
term effects on weather producing cir- 
culations of the lower atmosphere. 

Weather prediction would be imple- 
mented by establishing a worldwide 
atmospheric surveillance system using 
meteorological and telecommunication 
satellites operating above 200 km. 
Satellite-borne radar would delineate 
precipitation areas and thunderstorm 
areas would be recorded on sferic 
detectors— devices for plotting electrical 
discharges occurring in storms. 
Observation Stations 

Augmenting the satellites as observ- 
ing stations would be balloon-borne 
systems, rockets, instrumented aircraft, 
and fixed and moving unmanned sur- 
face posts. These stations would meas- 
ure temperature, pressure, density and 
wind profiles, ozone and water vapor 
in the upper troposphere and lower 
stratosphere and concentrations of the 
predominant absorbers and emitters of 
radiation. 

Measurements also would be made 
using radiosonde, rawinsonde and 
rockctsonde techniques. Radiosondes, 
balloon-borne instruments which arc 
returned to earth bv parachute when 
the balloon bursts in the upper atmos- 
phere, extend the aerometcorograph 
to higher altitudes. Combining a radio 
transmitter with instruments indicating 
pressure, temperature and humidity, it 
automatically transmits at regular in- 
tervals to the ground receiver where the 
signals arc recorded then translated 
back into what the individual instru- 
ments measured at specific altitudes. 


Radar is sometimes used to verify the 
altitude readings. 

The rawinsonde determines wind 
velocity profiles from a balloon utiliz- 
ing a transponder. 

The rockctsonde also uses a trans- 
ponder in its operation. 

Data obtained from the many ob- 
serving stations would be used in an 
attempt to solve the central problem of 
weather prediction— defining an initial 
state in time for the atmosphere. A 
mathematical model to simulate the 
atmosphere was proposed to comple- 
ment the global observational system 
of weather prediction. Understanding 
of the physical, chemical and dynamic 
processes which control the growth 
and structure of cloud particles, pre- 
cipitation elements and cloud systems 
also is needed. 

The National Academy of Science 
Committee also felt a design study was 
needed to specify the detailed character 
of a worldwide observational system. 
Division of the globe into 100 equal 
areas by the World Meteorological Or- 
ganization showed the need for 53 
upper-air sounding stations to obtain 
adequate global coverage. 

Observing Points 

The group recommended that the 
vertical and horizontal distance between 
adjacent upper-air soundings be no 
more than about 310-375 mi. to ensure 
that the errors in reconstructing the 
initial state in time for the atmosphere 
would not completely mask other types 
of errors. Observing points need not be 
fixed, but positions at the time meas- 
urements are made must be known. At 
the minimum, observations should be 



C-T33 Modified for Apollo Drop Tests 

Modified Air Force-Douglas C-133A transport is being nsed for drop tests of a boilerplate 
Apollo command module. Vehicle is in position beneath fuselage of the aircraft, and ramp 
which usually covers hatch opening has been removed. Second module is in foreground. 
First drop test was successful. 
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AC SPARK PLUG, THE ELECTRONICS 
> DIVISION OF GENERAL MOTORS, 

OFFERS ENGINEERS AND SCIENTISTS . . . 

OPPORTUNITY FOR GROWTH 
IN THE INERTIAL GUIDANCE 
AND NAVIGATION FIELD 


AC has assembled one of the finest technical teams in the country. 
They are providing intellectual stimulus for such outstanding 
projects as APOLLO Navigation-Guidance, TITAN II & TITAN III 
Inertial Guidance and the B-52 C&D Bombing Navigation System. 
AC will also provide intellectual and professional stimulus for you. 
You enjoy the satisfaction of accomplishment at AC . . . not only 
in the job you do, but the advancement that comes from achieve- 
ment. As a member of a division of General Motors, you will share 
outstanding corporate benefits. 

Review the opportunities listed below. Then contact us for an 
immediate evaluation of your qualifications. 
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Compressing Real-Time Human Effectiveness 


of informatior 


e without 


f-one approach is to roll back two boun 
and control data problem: the amount of 
be reliably gathered and stored . . . and the a 
presented to the human decision-maker in 
exceeding the threshold of human saturation. 

An illustration of this double-barreled systems approach may 
be seen in the Strategic Air Command Control System 465-L, 
for which ITT International Electric Corporation is Prime 


h RCC ci 


many as 1.500 messages per hour by means of up to 32 
input/output devices. All messages transmitted within the 
System are automatically routed, recorded, and error-checked 
by Data Transmission Control Centers located at each SAC 
Headquarters. Information flows into the Data Processing Cen- 
tral, where a high-speed computer compares events reported 

OPPORTUNITIES IN MANY COMMAND AND CONTROL AREAS NOW OPEN TO SYSTEMS ENGINEERS, ANALYSTS, AND OTHERS 


by RCC’s with plans stored in its memory. The DPC will auto- 
matically alert the SAC staff to any significant deviation be- 
tween actual and planned events. 

At the critical man/465-L interface, assimilation of the vast 
has been greatly enhanced by a recent ITT development — data 
presentation in color. Operating at speeds that appeared in- 
credible only a short time ago, the new display system enables 
computer outputs to be converted to alpha-numeric form . . . 
photographed . . . developed and projected onto 16 large control 
center screens in as many as 7 colors in a matter of seconds. 
If you tour our Paramus, New Jersey facility, you'll find a com- 
plete operational prototype of 465-L, occupying over 20,000 
square feet in one of our buildings. This unusual installation 
can also be used to simulate almost any command control or 
information system our engineers wish to study. . . military or 
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form to another by condensation which 
releases latent heat could be measured 
by radar. Radiative processes in the at- 
mosphere are also thought to be related 
to the transfer of energy in water and 
need to be recorded. The Academy sug- 
gested the U. S. regional observation 
program include stations in the Great 
Lakes and Caribbean. 

Weather Modification 

Large-scale modification of weather 
could come about through a better un- 
derstanding of atmospheric responses 
to energy inputs, the committee re- 
port continued. Observations of circu- 
lations such as monsoons and tropical 
cyclones in the intcrtropical regions 
could serve as analogous energy inputs. 

The effect of changing the radiative 
characteristics of the upper atmosphere 
on circulations in the troposphere and 
of introducing a source of energy in the 
lower atmosphere, on its subsequent cir- 
culation, are other important questions 
that need to be answered, the com- 
mittee said. Standardized equipment 
and observation techniques throughout 
the over-all program also were urged. 

The high atmosphere studies would 
involve measurement of the behavior 
of mixtures of gases under gravitational, 
electrical and magnetic forces and bom- 
bardment by photons and particles cov- 
ering a wide spectrum of energies and 
intensities. This meteorological re- 
search would be primarily concerned 
with the 20-70 mi. high portion of the 


atmosphere and its effects on radio 
propagation. 

Major activity in atmospheric chem- 
istry studies would be global tracer ex- 
periments to determine the controlling 
influence of carbon dioxide and ozone 
on the atmospheric heat balance. 

Complementing these studies would 
be observations of artificially introduced 
chemical, radioactive and biological 
tracers to reveal the large-scale motions 
of air and the diffusive properties of 
the atmosphere. Weekly soundings 
from 100 ozone measuring stations 
were proposed. 

Climate Studies 

Climatology research would involve 
studying past, present and future cli- 
mates with efforts toward exploring the 
possibilities and consequences of mod- 
ifying climatic patterns throughout the 
world. Included would be studies on 
earth reactions to long-duration solar 
activity. Biometeorologv, a new disci- 
pline, would cover problems between 
biolog)’ and meteorology and would 
study the great changes being made by 
man on his own environment due to 
the significant population growth that 
has occurred during this century. 

Strengthening the over-all Academy 
program would be a meteorological 
service organization to disseminate the 
results of the work being done and to 
define the relation between service and 
research functions among academic and 
industrial institutions. 



Navy's Patrol Hydrofoil Demonstrated 

Navy’s first Patrol Craft-Hydrofoil (PCH-1 ) “High Point” demonstrates lift capability of its 
wholly submerged foils on Puget Sound. Submarine chaser is designed for speed in excess 
of SO mph. Automatic controls, similar to an aircraft autopilot system, keep ship stable 
in 6i-ft. seas. Ship is intended for use in coastal and inter-island waters. Prime contractor 
for the Navy hydrofoil is the Boeing Co. 


/ 
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( Management 

attitudes and philosophies can make 
a world of difference in YOUR per- 
sonal and professional success. 
Martin Denver knows this. ..and has 
a continuing management program 
aimed toward creating an excellent 
working atmosphere, encouraging 
employee advancement and provid- 
ing rewarding benefits. 

Martin's current TITAN III con- 
tract and many other research and 
development programs provide excit- 
ing challenges in aerospace assign- 
ments, with immediate openings in... 

PROPULSION SYSTEMS 
CONTROLS 
STRUCTURES 
POWER SUB SYSTEMS 

If you qualify in these-or related-fields, 
send resume to: 

f. a. mcgregor 

Manager of Personnel Staffing 
Mail »A-64 
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If you're a Space Electronics Engineer . . . 


YOU SHOULD BE AT COLLINS 

Why? Because Collins offers you a chance to 
make significant contributions to some of the 
most important space communication work now 
being done. □ To date, Collins has engineered 
the communication systems which have carried 
American voices from space in every flight from 
the X-15 to Astronaut Schirra’s 6-orbit flight. 
Our engineers are currently readying extensive 
systems for NASA’s Apollo manned lunar space- 
craft. □ What’s next? □ Further investigation 
into the field of space communication. Further 
development and refinement of the equipment 
and systems needed for future space flights. Fur- 
ther extension of Collins’ leadership in the field 
through research, development, design and the 
practical application of the results in these areas 
to future space communication needs. 



FINANCIAL BRIEFS 


Northrop Corp.'s sales for the nine 
months ended Apr. 28 totaled $257.9 
million, with a net income of $6 mil- 
lion— $1.45 per share. Comparable 
figures last year showed sales of S245.5 
million, with earnings of S6.5 million— 
$1.51 per share. Apr. 28 order backlog 
stood at S325 million compared with 
$350 million a year earlier. 

Fairchild Stratos Corp. reported a 
net loss of $1.3 million on sales of $13.1 
million for the first quarter of 1963. 
First quarter 1962 showed earnings of 
S760.000 on sales of $17.3 million. 
Losses were attributed to delays in 
completion of some programs and 
startup costs of newer ones. Also, a 
decision was made to write off an- 
ticipated losses on contracts where 
cost overruns are anticipated. 

American Machine & Foundry Co. 
had a net income of $5.4 million on 
sales and rentals totaling $69.4 million 
for the first quarter of 1963. Compar- 
able figures for last year showed a net 
income of $7.9 million on sales and 
rentals of $125.9 million. 



SCIENTISTS 
& ENGINEERS 


The Missile Systems R&D Division at NAA-Columbus 
offers scientists and engineers at the advanced degree level 
the opportunity to do basic research and development 
work in the areas of: 

OPERATIONS RESEARCH 

Plan and conduct analysis of missile systems require- 
ments for naval application. Establish operational con- 
ditions, target characteristics and missile performance 
requirements. 


Westinghouse Electric Corp. earned 
SI 2.6 million on sales of S4S9.7 million 
for the first quarter of 1963. Same 
period last year showed earnings of 
SI 1.8 million on sales of S460.5 mil- 
lion. First quarter earnings were 34 
cents per share this vear and 32 cents 
last year. 

Rolls-Royce, Ltd., reported 1962 
profits equal to $4.9 million on sales 
of S301.5 million. Figures for 1961 
showed profits of $7 million on sales 
of $343.2 million. 

Lockheed Aircraft Corp. reported a 
net income of $10.8 million-Sl. 56 per 
share— on sales of S426.2 million for 
the first quarter of 1963. Comparable 
figures last year showed a net income 
of $7.8 million— $1 per share-earned 
on sales of $393 million. Aircraft 
work accounted for $203 million in 
sales, missile and space work for $204.9 
million, and shipbuilding, electronics 
and propulsion for $1 8.2 million. 


MISSILE AERODYNAMICS 

Conduct applied research studies of aerodynamic heating, 
aerothermochemistry and heat transfer phenomena asso- 
ciated with advanced missile configurations. 

FLIGHT MECHANICS 

Conduct advanced analysis in flight dynamics and 
dynamic behavior of closed loop systems using analog 
computers and dynamic flight simulators. Emphasis on 
determination of requirements for advanced missile 
systems. 

MISSILE GUIDANCE AND CONTROL 

Direct the development of advanced guidance sensors for 
tactical missile seekers. Includes analysis, evaluation and 
application of radar and information theory. 

To arrange to visit our plant and discuss our programs, please 
write to: Mr. J. H. Papin, North American Aviation, Inc., 
4300 East Fifth Avenue, Box AW-620, Columbus 16, Ohio. 

COLUMBUS DIVISION _A 
NORTH AMERICAN AVIATION ^ 


Thompson Ranto Wooldridge, Inc., 
had sales of $11 / .4 million, with a net 
income of S3 million-equal to SO cents 
per share-for the first quarter of 1963. 
First quarter 1962 showed sales of 
$111.7 million and a net income of 
$2.9 million, equal to 75 cents per 


Gnunman Aircraft Engineering Corp. 
reported $1.9 million earned on sales 
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Problem: 

THERMAL STABILITY 



...KEEP IT COOL... KEEP IT CONSTANT! 


of $106.7 million for the first quarter 
of 1965. Comparable 1962 figures 
showed S2 million earned on sales of 
$94.9 million. Earnings were 86 cents 
per share and 94 cents per share for the 
1963 and 1962 periods, respectively. 
Order backlog stood at $745 million 
on Mar. 31. compared with $345 mil- 
lion on Mar. 31. 1962. 

International Telephone and Tele- 
graph Corp. had earnings of $9.4 mil- 
lion-equal to 56 cents per share-on 
sales and revenues of S270.9 million 
for the first quarter of 1963. Compar- 
able figures for last year showed $8.2 
million earned-49 cents per share— on 
sales and revenues which totaled S242 
million. 

Acroquip Coqi. reported $1.2 mil- 
lion— 85 cents per share— earned on 
sales of $29.4 million for the first half 
of its fiscal year ended Mar. 31. Com- 
parable figures for last year showed 
$1.6 million— $1.22 per share-earned 
on S27.9 million in sales. 


T hermal Design Engineers know the type of problems we 
face. For example, design an Inertial Platform in which the 
temperature characteristics are predetermined, BEFORE 
FABRICATION, and subsequently controlled to within one-half 
degree Fahrenheit plus or minus 15%, and the temperature 
gradients are minimized! 

■ The solution involves total thermal design for atmospheric 
as well as space conditions. You'll use every trick up your sleeve 
to solve it. Naturally, you’ll be thoroughly familiar with digital 
and analog computation, with experience in using Bode, Nyquist, 
and root locus techniques, too. And while you may not have had 
occasion to explore Lyapunov functions, Pontryagin's Maximum 
Principle and Bellman's Dynamic Programming, you'll be ready 
to study every new technique applicable to this important phase 
of our systems engineering efforts. 

■ Sound just like your cup of tea? Then let us know! Remember, 
too, there are challenging opportunities here for Engineers and 
Scientists AT ALL LEVELS OF EXPERIENCE, in a wide variety 
of interesting technical programs. 

■ A brief note addressed to E. M. Keese, Honeywell, 13350 
U. S. Highway 19, St. Petersburg, Florida, will bring a prompt, 
confidential reply and probably an invitation to visit with us to 
see our facilities, meet our people and discover for yourself 
the many added advantages of working and living here on 
Florida's Suncoast. 


Honeywell 



United Aircraft Corp. reported a net 
income of $3.7 million on sales and 
other income of $279.9 million for the 
first quarter of 1963. First quarter 
1962 totals showed a net income of 
$4.6 million on sales of $277.6 million. 
Commercial sales were down $14 mil- 
lion but were offset by increased bill- 
ings from development and prototype 
contracts. Government sales showed 
little change. Order backlog stood at 
SI billion on Mar. 31, compared with 
$1,050 billion a year before. 

B.F. Goodrich Co. predicts 1963 
sales above the $812 million peak 
reached in 1962 and profits higher than 
the S26.3 million earned that year. 
President J. W. Keener told stock- 
holders that declining product prices, 
which hare cost the company $100 
million per year, have stabilized and 
cost reduction programs are saving about 
$25 million annually. 

Thiokol Chemical Corp. reported 
earnings of SI. 5 million, equal to 30 
cents per share, on sales of S63.S mil- 
lion for the first quarter of 1963. Same 
period last year showed earnings of 
slightly more than S1.4 million, equal 
to 28 cents per share, on sales of $60.5 


Moog Servocontrols, Inc., earned 
$342,912 on sales of S13.4 million for 
the nine-month period ended Mar. 31. 
Comparable period ended Mar. 31, 
1962, showed earnings of S295.8S2 on 
sales of $10.2 million. Per-share earn- 
ings for the 1963 and 1962 periods were 
69 cents and 59 cents, respectively. 
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Immediate Boein 
openings on 



The Saturn V will be the free world’s largest 
rocket and one of the first developed specifi- 
cally for scientific space programs. Boeing 
has primary developmental, building and 
test responsibility for the Saturn V first stage 
booster. This uniquely challenging program 


offers outstanding long-range career oppor- 
tunities, listed on the following page, for 
engineers and scientists. 

We suggest that you fill in the professional 
application form which begins below and 
continues on the following page. 


MAIL FORM TODAY 


PROFESSIONAL POSITION APPLICATION 

(All replies held in strict confidence) 

Date of this Application 

Name 


Telephone No 

Date of Birth U.S. Citiz 

Male Female Marital Status 

No. of Children Other Dependents 

U.S. Military Sen-ice: Yes □ No □ 


Branch of Se 


Type of Discharge 

Full Name of Spouse 

Previous Boeing Employee? 

1) Have you any physical defects?. 

2) Have you ever been arrested (except minor traffic)? 


HICI1ER EDUCATION 



newINSIGHT 


TO 


ADVANCED AEROSPACE 
SYSTEMS PROBLEMS 


Bell Aerosystems, long recognized for outstanding advances in the aircraft and aerospace indus- 
try, has again succeeded in obtaining contracts requiring Engineers who are able to apply their 
past experience to the ever new challenges of space. 

PRESENT PROGRAMS INCLUDE: 

LUNAR LANDING RESEARCH VEHICLE VTOL AIRCRAFT 








BELL AEROSYSTEMS CO. 

DIVISION OF BELL. AEROSPACE CORPORATION -A S COMPANY 

An Equal Opportunity Employer P.O. Box * 1 , Buffalo 5, New York 
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OPPORTUNITIES 




Instrumentation Planning Engineers 



GUIDED MISSILES 
RANGE DIVISION 


WORLD AIRWAYS. INC. 



SR. DYNAMICS 



DYNAMICS 






ENGINEERING 

MANAGERS 

Aerospace Systems 

$20,000 

to 

$30 000 

IBM FEDERAL systems division 

COMMAND CONTROL CENTER 

MANAGEMENT AND SENIOR STAFF LEVELS 


PRINCIPAL AREAS OF INVESTIGATION 


8 °xr£“" 

„r"r Di T »S“X. 

issfe 

Weapons Control 

PRINCIPAL POSITIONS TO BE FILLED IN 

Project Management 

lon.'tLC.T." 1 HUd5 ° n V ° lley) 0nd Be ' he5d0 ' Md ' - <SUbUr ^° n W ° sh,n9 

lip™ 

HLffao!’ " C °' Cd " r " } ' 
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INTERNATIONAL BUSINESS MACHINES CORPORATION 



AVIATION 


FOR MORE 
INFORMATION 

about Classified Advertising 

contact the McGraw-Hill 

ATLANTA, 9 1. C. Hill 
1375 Peachtree St., N.E. 

TRinity 5-0523 

BOSTON, 16 

Copley Square COngress 2-1 160 

PHILCO 
TO DESIGN 
APOLLO 
CONTROL 

CENTER 

\ ^ 

645 No. Michiga M n o Avenue 4 58oo 


Cl ^AND, 13 E. Hughe, 




DETROIT, 26 T. James 


HOUSTON, 25 J. Page 

Prudential ^ldg.^Room^W.^724^ 

LOS ANGELES, 17 R. McGinnis 

I 

HUntley 2-5450 

OUTSTANDING OPPORTUNITIES AT: 

,, nnn 

PHILCO IN HOUSTON PHILCO IN PALO ALTO 


e System Management Design and Development of: 


. installation * Checkout . Digital Data Handling Equipment 

PITTSBURGH, 22 E. Hughe, 


EXpress 1-1314 

Fromconceptthrough hardware, designingthe p|_| 1 1 

ST. LOUIS, 8 J Crowe 

Gemini rendezvous and the Apollo communi- A SU8SIDIAI 

PArkview 5-7285 

cations and control center is one of the vital ^/^dyif^fcr^cm/ianu 

SAN FRANCISCO, 11 J. A. Hartley 

career positions are now available in this and contact: 

2-4600 

other advanced programs, as the Ford/Philco Atm.-. Mr.patnck Manning 


SCHEDULED HELICOPTER AIRLINE 

has immediate openings available lor 

QUALIFIED CO PILOTS 

Commercial helicopter rating or equivalent necessary. 
Write, giving qualifications and experience, to 

LOS ANGELES AIRWAYS. INC. 

L. A. International Airport. L. A. 9 


Searchlight Section 

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 


TIMMINS 




P&W-R2000-' 


13G 


Five Twin Engine Transport Air- 


DC-6 A/B 

Cargo/Passenger Aircraft 
for sale 

Long Range Tanks 
Priced to sell!!! 



QUALIFIED 

ENGINEERS 

B Y THE THOUSANDS 

WILL READ THE 

MANNED SPACE PLIGHT 


ISSUE . . . COMING JULY 22ND 

This special MANNED 
SPACE FLIGHT issue will 



YOUR AD GETS RESULTS 
NOT WASTE CIRCULATION. 


Aviation Week 

o~t Spare Technology 
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LETTERS 




The new Brush Recorder Mark 200 made these incredibly crisp tracings. No other recorder in existence 
can match them. Note the line width. It never varies. . . regardless of writing velocity, regardless of chart 
speed. The writing mechanism is electrically signaled by the position-seeking "Metrisite” transducer . . . 
no parts to wear, infinite resolution, verifiable dynamic 1 2% accuracy. Traces are permanent, high-contrast, 
reproducible ... on low cost chart paper. The Mark 200 has but three standard controls . . . attenuator, 
pen position, chart speed. Such fidelity, simplicity and economy are possible with no other direct writing 
recorder. Available in both vertical and horizontal models with interchangeable plug-in preamplifiers or signal 
conditioning push-button controls. Write J 

for details . . . they’ll speak for themselves. INS 
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Who killed this Fairchild transistor? JUN. 201963 


We did. It had already passed our standard 
tests... tumbling, centrifuge, radioactive leak 
detection. Then, as a sample of the week’s 
production run, it was pushed to its limits . . . 
and beyond.. An destructive testing. Forces 
20,000 times greater than the pull of gravity. 
Extreme temperature, vibration, and shock 
cycles. Tests to determine the final breaking 
point. In actual application, no transistor 
would ever have to take such a beating. Even 


if shot to the moon. But this is one way we 
make sure at Fairchild. If there’s any weak- 
ness in a production run, we want to be the 
first ones to know about it. And the only ones. 

FAIRCHILD 


SEMICONDUCTOR 


FAIRCHILD SEMICONDUCTOR / A DIVISION OF FAIRCH I LDCAMERAAND IN STRUMENI COR PORATI ON / 545WHISMAN ROAD, MOUNTAIN VIEW, CALIFORNIA /YORKSHIRE 8-Siol /TWX: 41 5-969*916 


